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MORPHOUNE DERIVATIVES 

This invention relates to novel morpholme compounds, and to their use in. selectively 
inhibit 



10 



15 



20 



25 



Selective inhibition of norepinephrine reuptake is a relatively new mode of action for the 
treatment of affective disorders. Norepinephrine appears to play an important role in the 
disturbances of vegetative function associated with affective, anxiety and cognitive 
disorders. Atomoxetine hydrochloride is a selective inhibitor of norepinephrine reuptake, 
and is marketed for the treatment of attention deficit hyperactivity disorder (ADHD). 
Reboxetineis also a selective nw^pinephrine reuptake inhibitor, and is marketed for the 
treatment of depression. W099/15177 discloses the use of.Rehoxetine to treat ADHD and 
WO01/01 973 discloses the use of S,S-Reboxetine to treat inter aha ADHD. 

According to the present invention there is provided a compound of formula (I) 



Rz 



Rx^Ar, 

RZ. N R7 



R1 



H 



a) 



wherein, 

X is OH, C1-C4 alkoxy, NH2 or NH(Cl-C4 alkyl); 

RxisHorCl-C4alkyl; 
RyisH or C1-C4 alkyl; 

each Rz group is independently H or C1-C4 alkyl, with die proviso that not more than 3 
Rz groups may be C1-C4 alkyl; 

Rl is CI-C6 alkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from CI-C4 alkyltbio (optionally substituted with 1, 2 or 3 fluorine 
atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 
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cycloalkoxy, C1-C4 alkylst.lfi.nyl, cyano, -CO-0(Ci-C2 alkyl), -0-CO-(Cl-C2 alkyl) 
and hydroxy); C2-C6 alkenyl (optionally substituted with l s 2 or 3 halogen atoms); C3- 
C6 cycloalkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkoxy and hydroxy) wherein one C-C bond within the 

5 cycloalkyl moiety is optionally substituted by an O-C, S-C or OC bond; C4-C7 
cycloalkylalkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkoxy and hydroxy) wherein one C-C bond within the 
cycloalkyl moiety is optionally substituted by an O-C, S-C or C=C bond; or CH 2 Ar2; and 
Arl and Ar2 are each independently a phenyl ring or a S- or <S-membered heteroaryl ring 

10 each of which is optionally substituted with 1, 2 or 3 substituents (depending upon the 
number of available substitution positions) each independently selected from CI-C4 alkyl 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylmio (optionally substituted with 1, 
2 or 3 halogen atoms), -CO-0(Cl^C4 alkyl), cyano, -NRR, -CONRR, halo and hydroxy 

15 and/or with 1 substituent selected from pyrJdyl, thiophenyL phenyl, benzyl and phenoxy 
each of which is optionally ring-substituted with 1, 2 or 3 substituents each independently 
selected from halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), 
C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), carboxy, nitro, 
hydroxy, cyano, -NRR, -CONKR, SO^NRR and SC 2 R); and 

20 each R is independently H or C1-C4 alkyl; 
or a pharmaceutically acceptable salt thereof. 

In the present specification the terra "CI-C4 alkyl" means a monovalent unsubstituted 
saturated straight-chain or branched-chain hydrocarbon radical having from 1 to 4 carbon 
25 atoms. Thus the term "C1-C4 alkyl" includes, for example, methyl, ethyl, n-propyL 
isopropyl. n-butyl, isobutyl, sec-butyl and tert-bittyl. 

In the present specification the terra "C1-C4 alkoxy" means a monovalent unsubstituted 
saturated straight-chain or branched-chain hydrocarbon radical having from I to 4 carbon 
30 atoms linked to the point of substitution by a divalent O radical. Thus the term "CI-C4 
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alkoxy" includes, for example, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, 
isobutoxy, sec-butoxy and tert-Vutoxy. 

to the present specification the term "C1-C4 alkylthio" means a monovalent ^substituted 
5 saturated straight-chain or branched-chato hydrocarbon radical having from 1 to 4 carbon 
atoms linked to the point of substitution by a divalent S radicaL Thus the term "C1-C4 
alkylthio" includes, for example, methylthio, efoylfoio. n-propylmio, isopropyhhio, n- 
butyltbio, isoburylthio, sec-butyltbio and tert-butylfhto 

JO In the present specification me term "C3-C6 cycloalkyl" means a monovalent 

^substituted saturated cyclic hydrocarbon radical having from 3 to 6 carbon atoms. Thus 
the term "C3-C6 cycloalkyr includes, for example, eyclopropyl, cyclobutyL, cyclopentyl 
and cyclohexyl. 

15 In the present specification the term "C4-C7 cydoalkylalkyl" means a monovalent 
unsubstimted saturated cyclic hydrocarbon radical having from 3 to 6 carbon atoms 
linked to the point of substitution by a divalent tmsubstituted saturated straight-chain or 
branched-cbahi hydrocarbon radical having at least 1 carbon atom. Thus the term"C4-C7 
cycloalkyl" includes, for example, cyclopropylmetoyl, cyclopropyletoyL 

20 cydobutylmetbyl, c^clopentyimethyl and cyclohexylmefhyl. 

In the present specification the phrase "wherein one C-C bond within the cycloalkyl 
moiety is optionally substituted by an O-C, S-C or C=C bond" means that either (i) any 
two adjacent carbon atoms within a cycloalkyl ring may be linked by a double bond 
25 rather than a single bond (with the number of substituents on each carbon atom being 

reduced accordingly), or that (ii) one of any two adjacent C atoms within a cycloalkyl 

ring (and any substituents thereon) may be replaced by an oxygen or sulphur atom. 

Examples of groups encompassed by this phrase when used in conjunction with the term 

C3-C6 cycloalkyl include, for example; 
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Examples of g«mps encompassed by this phrase when used in conjunction with the term 
C4-C7 cycloalkylalkyl include, for couple: 

and 

* 

In the present specification the term "C2-C6 alkenyL" means a monovalent unsubstitated 
unsaturated straight-cbaia or brauched-chain hydrocarbon radical having from 2 to 6 
carbon atoms and containing at least one carbon-carton double bond. Thus the term "CI- 
C4 alkenyl" includes, for example, ethenyl, pxopenyl, 2-methyl-2-propenyl and butenyl. 

In die present specification the term "C3-C6 cycloalkoxy" means a monovalent 
unsubstitated saturated cyclic hydrocarbon radical having from 3 to 6 carbon atoms in me 
ring linked to the point of substitution by a divalent O radical. Thus the term "C3-C6 
cycloaHcoxyl" includes, for example, cyclopropoxy. 

In the present specification the term "Cl-04 alkylsulfonyl" means a monovalent 
unsubstitated saturated straight-chain or branched-chain hydrocarbon radical having from 

1 to 4 carbon atoms linked to the point of substitution by a divalent S0 2 radical. Thus the 

term "C1-C4 alkylsulfonyP includes, for example, methylsulfonyL 

In the present specification terms similar to the above definitions specifying different 
numbers of C atoms take an analogous meaning. 

In the present specification the term "halo" or halogen" means F, CI, Br or 1. 

In die present specification the term "phenoxy" means a monovalent unsubstitated phenyl 
radical linked to the point of substitution by a divalent O radical. 
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In the present specification the term "5-memberedheteroaryl ting" means a 5-raembered 
aromatic ring including one or more heteroatoms each independently selected ftomN, O 
and S. Preferably there are not more than three heteroatoms in total in the ring. More 
preferably mere are not more than two heteroatoms in total in the ring. More preferably 
there is not more than one heteroatom in total in the ring. The term includes, for example, 
the groups thiazolyL isothiazolyl, oxazotyi, isoxazolyl, thiophenyl, roranyl, pyrrolyl, 
imidazolyl, triazolyl, oxadiazolyl and thiadiazolyl. 

"Thiaiolyl" as used herein includes 2-fhiazolyl, 4-tbiazolyl and 5-thiazolyl. 
"Isothiazolyr' as used herein includes 3-isoflriazolyl, 4-isothiazolyl, and 5-isothiazoIyL 
"Oxazolyl" as used herein includes 2-oxazolyl, 4-oxazolyl and 5-oxazolyl. 
"IsoxazolyT as used herein includes 3-isoxazolyI, 4-isoxazolyl, and 5-lsoxazolyl. 
"Thiophenyl" ss used herein includes 2-diiophenyl and 3-thiopheuyl. 
"Furanyl" as used herein includes 2-mranyl and 3-furanyl. 
"Pyrrolyl" as used herein includes 2-pyirolyl and 3-pyrrolyl. 

'"imidazolyl" as used herein includes 2-imidazolyl and 4-imidazolyl. 

"Triaaolyl" as used herein includes 1 -triazolyl, 4-triazolyL and 5-triazolyl. 

"Oxadiazolyl" as used herein includes 4- and 5-(l,2,3-oxadiazolyl), 3- and 5-0,2,4- 

oxadiazoryl), 3-(l,2,5-oxadiazolyl), 2-(l,3 } 4-oxadiazolyl). 

"THadiazolyr as used herein includes 4- and 5-0 £,3-thiadiazolyl), 3- and $-(1,2,4- 
thiadiazolyl). 3-<l,2,5-miadiazolyl), 2-(l,3 Athiadiazolyl). 

In the present specification the term "6-membered heteroaryl ring" means a 6-membered 
aromatic ring including one or more heteroatoms each independently selected from N, O 
and S. Preferably there are not more than three heteroatoms in total in the ring. More 
preferably there are not more than two heteroatoms in total in the ring. More preferably 
there is not more man one heteroatom in total in the ring. The terra includes, for example, 
the groups pyridyl, pyrhnidyl» pyrasrinyl, pyridazinyl and triazinyl. 
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"Pyridyl" as used herein includes 2-pyridyL, 3-pyridyl and 4-pyridyl. 
'Tyrimidyl" as used herein includes 2-pyrimidyl, 4-pyrimidyl and 5-pyriiriidyl. 
'Tyranny!" as used herein includes 2-pyrazinyl and 3-pyrazinyl. 
'Tyridazinyr* as used herein includes 3-pyridazinyl and 4-pyridazinyl. 
5 "Triazinyr as used herein includes 2-(l3,5-triazmyI), 3-, 5- and 6-(l,2,4-tri8zinyl) and 4- 
and5-(lA3-tria2inyl). 

In the present specification the term "ortho" refers to a position on the Arl aromatic ring 
which is adjacent to the position from which Arl links to the rest of the compound of 
10 formula (I). 

In a preferred embodiment of the present invention, X is OH, C1-C4 alkoxy, or NH 2 . 
More preferably, X is OH or NKfe. Most preferably X is OH. 

15 to a preferred embodiment of the present invention, Rx is H or methyl, Most preferably 
Rx is H. 

In a preferred embodiment of the present invention* Ry is H or methyl- Most preferably 
RyisH. 

20 

In a preferred embodiment of the present invention, each Rz group is independently H or 
methyl, with the proviso that not more than 3 Rz groups may he methyl. Most preferably, 
each Rz is H. 

25 In a preferred embodiment of the present invention, Rl is Cl -C6 alkyl (optionally 

substituted with 1, 2 or 3 halogen atoms and/or with I substituent selected from C1-C4 
alkylthio (optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 fluorine atoms), C3-C6 cycloalkoxy, C1-C4 alkylsulfonyl, 
cyano, -CO-0(C1-C2 alkyl), -0-CO-(Cl-C2 alkyl) and hydroxy). More preferably, Rl is 

30 C1-C6 alkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent 
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selected from C1-C4 alkoxy (optionaUy snbstitated with 1, 2 or 3 fluorine atoms), cyano 
and hydroxy). More preferably, Rl Is Cl^Cd alkyl (optionally substituted with 1, 2 or 3 
halogen atoms). More preferably, Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 
fluorine atoms). Examples of specific identities for Rl within this embodiment include 
5 methyl, ethyl, iso-propyl, iso-butyl, 3,3^-ttifluoropropyl and 4,4,4-trifluorobutyl. 

m a preferred embodiment of me present invention, Rl is C2-C6 alkenyl (optionaUy 
substituted with 1, 2 or 3 halogen atoms). 

10 In a preferred embodiment of the present invention, Rl is C3-C6 cycloalkyl (optionally 
substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected from C1-C4 
alkoxy and hydroxy) wherein one C-C bond within the cycloalkyl moiety is optionally 
substituted by an O-C, S-C or C=C bond. More preferably, Rl is C3-C6 cycloalkyl 
(optionally substituted with. 1, 2 or 3 halogen atoms and/or with 1 substituent selected 

15 from C1-C4 alkoxy and hydroxy) wherein one C-C bond within me cycloalkyl moiety is 
optionally substituted by an O-C bond More preferably, Rl is C3 -C6 cycloalkyl wherein 
one C-C bond within the cycloalkyl moiety is optionally substituted by an O-C bond. 
Examples of specific identities &r Rl within this embodiment include cyclopropyh 
cyclopentyl and tetrftbydropyranyl (in particular tetrahydro-2H-pyran-4-yl). 

In a preferred embodiment of the present invention, Rl is C4-C7 cycloalkylalkyl 
(optionaUy Substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected 
from C1-C4 alkoxy and hydroxy) wherein one C-C bond within the cycloalkyl moiety is 
optionally substituted by an O-C, S-C or O-C bond. 

25 

In a preferred embodiment of the present invention, Rl is CH 2 Ar2 wherein Ar2 is as 
defined above. More preferably, Rl is CH 2 Ar2 wherein Ar2 is aphenyl ring or apyridyl 
(preferably 2-pyridyl) ring each of which may be substituted wim 1, 2 or 3 substituents 
each independently selected from C1-C4 alkyl (optionally substituted with 1, 2 or 3 
30 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), Cl- 
C4 alkylttrio (optionaUy substituted with 1, 2 or 3 halogen atoms), halo and hydroxy. 



20 
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More preferably. Rl is CH 2 Ai2 wherein Ar2isa phenyl ring optionally substituted in the 
manner described in the preceding sentence. More preferably, Rl is GH 2 Ar2 wherein Ai2 
is a phenyl ring optionally substituted with 1 or 2 substituents each independently 
selected from C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 
5 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), halo and hydroxy. Examples 
of specific identities for Rl within this embodiment include phenyhnethyl and (2- 
methoxy-phenyl)methyL 

In a preferred embodiment of the present invention, Arl is a phenyl ring or a 5- or 6- 

10 membered heteroaryl tin© each of which is substituted in the ortho position with a 
substituent selected ftom C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen 
atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 
alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), -C0-0(C1-C4 alkyl), 
cyano. -NRR, -CONRR, halo, hydroxy, pyridyl, thiophenyl, phenyl, benzyl and phenoxy, 

15 each of which ortho snbstituents is optionally ring-substituted (where a ring is present) 
with 1, 2 or 3 substituents each independently selected from halogen, C1-C4 alkyl 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogen atoms), carboxy, oitro, hydroxy, cyano, -NRR, - 
CONRR, SO2NRR and SO2R; ami each of which is On addition to ortho substitution) 

20 optionally farther substituted with 1 or 2 substituents each independently selected fiom 
C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), CJ-C4 alkoxy 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally 
substituted with 1, 2 or 3 halogen atoms), -C0-0(C1-C4 alkyl), cyano, -NRR, -CONRR, 
halo and hydroxy. More preferably, Arl is a phenyl ring or a pyridyl (preferably 2- 

25 pyridyl) ring each of which is substituted and optionally further substituted to the manner 
described in the preceding sentence. More preferably, Arl is a group of the formula (a): 

R3 

R2^ ^R4 
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wberein, , 
A is* or CRd (preferably CR6); R2 is C1-C4 alkyl (optionally substituted with 1, 2 or 3 
halogen atoms). CJ-C4 alkoxy (optionally substituted with 1. 2 or 3 halogen atoms). CI- 
C4 alkylthio (optionally substituted with 1 , 2 or 3 halogen atoms), halo, hydroxy, pyndyl, 

5 thiophenyl, phenyl (optionally substituted with 1, 2 or 3 substitueuts each independently 
selected fom halogen, CX-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), 
or C1-C4 alkoxy (optionally substituted with 1 , 2 or 3 halogen atoms)) or phenoxy 
(optionaUy substituted with 1. 2 or 3 halogen atoms); R3 is H; R4 is Hj RS is H, C1-C4 
alkyl (optionally substituted with 1. 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 

0 substituted with 1, 2 or 3 halogen atoms), C1-C4 alkyKbio (optionally substituted wub I, 
2 or 3 halogen atoms), halo or hydroxy; and Rd (if present) is H. More preferably, Arl as 
a group of the formula (a) wherein, A is CR6; R2 is C1-C4 alkyl (optionally substituted 
with 1, 2 or 3 fluorine atoms). C1-C4 alkoxy (optionally substituted with 1. 2 or 3 
fluorine atoms) Orphenyl (optionally substituted with 1, 2 or 3 fluorine atoms); R3 is H; 

5 R4 is H; R5 is H or F; and R6 is H. Examples of specific identities for Arl include 2- 
jnethoxy-phenyl, 2-ethoxy-phenyl, 2-trifluoromethoxy-phenyl, 2-phenyl-phenyl, 2-(3- 
fluoro-phenyl>phenyl, 2-meth OX y-5-fluoro-phenyl and 2-phenyl-5-fluoro-phenyl. 

It will be appreciated that a compound of formula <D above will possess at least two 
>0 asymmetric carbon atoms, to the present specification, where a structural formula does 
not specify the stereochemistry at one or more cWrai centres, it encompasses all possible 
stereoisomers and all possible mixtures of stereoisomers (including, but not limited to, 
xacemic nuxtures), which may result from stereoisomerism at each of the one or more 
chiral centers. In a preferred embodiment of the present invention, there is provided a 
25 compound of formula (H) 



Rz 



RZ b 



Rx-^^-Ar, 
"R1 




(H) 
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wherein, X, Rx, Ry, Rz, Rl and Arl are as defined for formula 03 above; or a 
phahnffceutically acceptable salt thereof. 

In a preferred embodiment of the present invention, there is provided a compound of 
5 formula (HI) 




wherein, X 3 Rl and Arl are as defined for formula (I) above; or a pharmaceutical^ 
acceptable salt thereof. 

10 

In a preferred embodiment of the present invention, there is provided a compound of 

formula (III) wherein 

XisOHorNKfej 

Rl is CI -C6 alkyl (optionally substituted with l 9 2 or 3 halogen atoms and/or with 1 
15 substituent selected from C1-C4 alkylthio (optionally substituted with 1 ? 2 or 3 fluoride 
atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 
cycloaJkoxy, C1-C4 alkylsulfonyl, cyano, -C0-0(C1-C2 alkyl), -0-CO(C1-C2 alkyi) 
and hydroxy); C3-C6 cycloalkyl (optionally substituted with 1, 2 or 3 halogen atoms 
and/or with 1 substituent selected from C1-C4 alkoxy and hydroxy) wherein one C-C 
20 bond within the cycloalkyl moiety is optionally substituted by an Q-C, S-C or C=C bond; 
or CH2A12 wherein Ar2 is a phenyl ring or a pyridyl (preferably 2-pyridyl) ring each of 
which may be substituted with 1, 2 or 3 substituent^ each independently selected from 
C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
(optionally substituted with 3, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally 
25 substituted with 1 , 2 or 3 halogen atoms)* halo and hydroxy; and 

Arl is a phenyl ring or a 5- or 6-membered heteroaryl ring; each of which is substituted in 
the oriho position With, a substituent selected from C1-C4 alkyl (optionally substituted 
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wlth 1, 2 or 3 halogen atoms). CI-C4 alkoxy (optionally substituted with 1, 2 or 3 
halogen atoms), 61-C4 alkylthio (optionaUy substituted with 1, 2 or 3 halogen atoms), - 
CO-0(C1-C4 alkyl), cyano, -NRR, -CONRR, halo, hydroxy, pyridyl, thiopbenyl, phenyl, 
benzyl and phenoxy, each of which ortho substituents is optionally ring-substituted 
5 (where a ring is present) with 1, 2 or 3 substituents each independently selected from 
halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 halogen atoms), carboxy, nitro, hydroxy, cyano, - 
NRR, -CONRR, SO2NRR and SO2R4 and each of which is (in addition to ortho 
substitution) optionally further substituted with 1 or 2 substituents each independently 
10 selected from C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 
alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally 
substituted with 1, 2 or 3 halogen atoms), -CO-0(Cl-C4 alkyl), cyano, -NRR, -CONRR, 
halo and hydroxy, or aphairoaceutically acceptable salt thereof 

15 In a preferred embodiment of the present invention, there is provided a compound of 
formula (TV) 




wherein, 
20 XisOHorNH2; 

R.1 is C1-C6 alkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkoxy (optionaUy substituted with 1, 2 or 3 fluorine 
atoms), cyano, and hydroxy); C3-C6 cyoloalkyl (optionally substituted with 1, 2 or 3 
halogen atoms and/or with 1 substituent selected from C1-C4 alkoxy and hydroxy) 
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wherein one CO bond within the cycloalkyl moiety is optionally substituted by an O-C 
bond; or CH2A12 wherein Ar2 is a phenyl ring optionally substituted with 1, 2 or 3 
substitoents each independently selected from C1-C4 alkyl (optionally substituted with 1. 
2 or 3 halogen atoms). C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen 
S atoms), CI-C4 alkylthio (optionally substituted with 1 , 2 or 3 halogen atoms), halo and 
hydroxy, 

A is N or CR6 (preferably CR6); R2 is C1-C4 alkyl (optionally substituted with 1, 2 or 3 
halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), Cl- 
C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo, hydroxy, pyridyl, 

10 thiophenyl, phenyl (optionally substituted with 1. 2 or 3 subsntuents each independently 
selected ftom halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), 
or C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms)) or phenoxy 
(optionally substituted with 1, 2 or 3 halogen atoms); R3 is H; R4 is H; R5 is H, C1-C4 
alkyl (optionally substituted with 1, 2 or 3 halogen atoms), CI -C4 alkoxy (optionally 

15 substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally substituted with 1, 
2 or 3 halogen atoms), halo or hydroxy; and R.6 (if present) is H; or a pharmaceutical^ 
acceptable salt thereof. 

In a preferred embodiment of the present invention, there is provided a compound of 
20 formula (V) 




R2 



H 



(V) 



wherein, 
XisOHorNHa 
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R! U C1-C6 alkyi (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 cycloalkyl 
wherein one C-C bond within the cycloalkyl moiety is optionally substituted by an O-C 
bond or CH 2 Ar2 wherein At2 is a phenyl ring optionally substituted with 1 or 2 
substituents each independently selected from C 1-C4 alkyi {optionally substituted with 1, 
2 or 3 halogen atoms), CM* alkoxy (optionally substituted with 1. 2 or 3 halogen 
atoms), halo and hydroxy; 

R2 is C1-C4 alkyi (optionally substituted with 1 , 2 or 3 fluorine atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 fluorine atoms) or phenyl (optionally substituted 
with 1, 2 or 3 fluorine atoms); and RS is H or F; or a pharmaceutical^ acceptable salt 



10 thereof. 



20 



tn a preferred embodiment of the present invention, there is provided a compound of 
formula (VI) 




(VI) 

wherein, 

Rl is C1-C6 alkyi (optionally substituted with 1, 2 or 3 fluorine atoms) or C3-C6 
cycloalkyl wherein one C-C bond within the cycloalkyl moiety is optionally substituted 
by an O-C bond; 

R2 is C1-C4 alkyi (optionally substituted with 1, 2 or 3 fluorine atoms). C1-C4 alkoxy 
(optionally substituted with 1 . 2 or 3 fluorine atoms) or phenyl (optionally substituted 
with 1, 2 or 3 fluorine atoms); and RS is H or F; or a pharmaceutical^ acceptable salt 
thereof! 



25 Specific embodiment3 of me present invention include the compounds 
l-[lJ'-biphenyl]-2-yl-2-nioipholm-2-ylpropan-2-ol, 
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1- [5-flucro-2-(met^ 

2- moiphoJin-2-yI-l-{2-[(tii^^ 
1-[1,1 *-biphfinyl]-2-yl-2-moi^^ 

. 1 -[5-fhjoro-2-(roetIi^ 
5 3-inethyl-l-[(2-met^ 

14(2-ethylo*y)pbeayl]-3-me^ 

3- methyl-2-motpholin-2-yl-l - {2-[(trifIuoromethyl)oxylbiitan-2-ol, 
l-[14*-biphenyl]-2-yl-3-meth^^^ 

l-(4-fluoro[l 4 Mriphenyi]-2-yl)-3-^ 
10 i-[5"fluoro-2-(meihylo^ 
1 -[2-(e1hylo;^)pheayl]^-m 

4- meibyl-2-morpholiT3-2-yl-l- {2[trifluorpmethyl) oxyjphenyl }peotaa-2-oJ, 
l-[l ? r-biphenyl]-2-yl-4-meihyl-2-morpholin-2-y^ 

1 «(4-fluoro[ 1.1 *-biphmyJ]-2-yl)-4-ine^ 
15 1 «cyclopentyl-2-[5-flu(ro^ 

1- cyclopeniyl-2-[2-(e^ 

1 -cyclopemyl™ 1 -jnorpholin-2-yl-2- {2-[Ctrifluoromethyl)oxy] phenyl} cthanol, 

2- [ J , 1 '-biphenyl]-2-yl- 1 -cydopentyi- l-moipholiiL-2-ylethanol , 

1- <Vcloperatyl-2-(4-fli^^ 

20 2-[5-fluoro-2-methy1oxy)phe^^ 

1 -moipholin-2-yl- 1 -tetrahydro~2H^yraa-4-yl--2- {2-[(trifluoromefliyl)oxy] 
phenyl} ethanol. 

2- [l^'-topheayl]-2-yl-l-mo^ 
2-(3MJuoro-bipheQy^^ 

25 5 3 5^-trifIuoro-l'(5-fliaoro-2-methoxy-phenyl>2-m 
5,5^-trifluoro-2-morpholin^ 
1-[1, 1 *-biphenyl]-2-yl-5 a 5.5-trifluo^^ 
6,6,6-trifluoro- 1 -[5-flwro-2-(niethyloxy^ 
1 -[1,1 *-biphenyl]-2-yl-6,6 9 6-tri^^ 
30 l-cyclopropyI-2-[-2-(methyio^ 

l^ycIopropyl-2-[-2<ethyloxy)pheny^ 
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2-[l,r-biphenyl]-2-yl-l-cydopropyl-l-moipholin-2-ylellisinol. 

l a 3Jbis^meui0sy-pfaeny^ 

llc-mefooxy-benzylV^^^ 
2-moipholiii-2-yl-J J 3-aipbeayl-pTopan-2-ol 

and pharmaceuticaUy acceptable salts thereof. 

The compounds of the present invention are inhibitors of norepinephrine reuptake, 
Biogenic amine transporters control the amount of biogenic amine neurotransmitters in 
the synaptic cleft. Inhibition of the respective transporter leads to a rise in the 
concentration of that neurotransmitter within the synaptic cleft. Compounds of formula (I) 
and their pharmaceutical^ acceptable salts preferably exhibit a Ki value less than 600nM 
at the norepinephrine transporter as determined using the scintillation proximity assay 
described below. More preferred compounds of formula CD and their pharmaceutical^ 
acceptable salts exhibit a Ki value less than lOOnM at the norepinephrine transporter. 
IS More preferred compounds of formula (1) and their pharmaceutical*/ acceptable salts 
exhibit a Ki value less than 50nM at the norepinephrine transporter. Especially preferred 
compounds of formula (I) and meir pharmaceutical^ acceptable salts exhibit aKi value 
less than 20nM at the norepinephrine transporter. Preferably, compounds of the present 
invention selectively inhibit the norepinephrine transporter relative to foe serotonin and 
20 dopamine transporters by a mctor of at least five, more preferably by a factor of at least 
ten using foe scintillation proximity assays described below. 

m addition, foe compounds of the present invention are preferably acid stable. 
Advantageously, they have a reduced interaction (both as substrate and inhibitor) with the 
25 Uverensyme Cytochrome P450 (CYP2D6). That is to say, foey preferably exhibit less 
man 75% metabolism via foe CYP2D6 pathway according to foe CYP2D6 substrate assay 
described below and foey preferably exhibit an IC50 of>ouM according to foe CYP2D6 
inhibitor assay described below. 
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In view of their pharmacological activity, the compounds of the present invention are 
indicated for the treatment of disorders of the central and/or peripheral nervous system, in 
particular, disorders associated with norepinephrine dysfunction in mammals, especially 
humans, including children, adolescents and adults, 

5 

The term Norepinephrine dysfunction" as used herein refers to a reduction in the amount 
of norepinephrine neurotransmitter within the synaptic cleft below that which would be 
considered to be normal or desirable for a species, or an individual within that species. 
Thus die phrase "disorders associated with norepinephrine dysfunction in mammals" 
1 0 refers to disorders which are associated with a reduction in the amount of norepinephrine 
■ neurotransmitter within the synaptic cleft below that which would be considered to be 
normal or desirable for the mammalian species, or an individual within the species, in 
question. Disorders associated with norepinephrine dysfunction in mammals include, for 
example, nervous system conditions selected from the group consisting of an addictive 

] 5 disorder and withdrawal syndrome, an adjustment disorder (including depressed mood, 
anxiety, mixed anxiety and depressed mood, disturbance of conduct, and mixed 
disturbance of conduct and mood), an age-associated learning and mental disorder 
(including Alzheimer's disease), alcohol addiction, anorexia nervosa, apathy, an 
attention-deficit disorder (ADD) due to general medical conditions, attention-deficit 

20 hyperactivity disorder (ADHD) including the predominantly inattentive type of ADHD 
and the predominantly hyperactive-impulsive type of ADHD* bipolar disorder, bulimia 
nervosa, chronic fatigue syndrome, chronic or acute stress, cognitive disorders including 
mild cognitive impairment (MCI) and cognitive impairment associated with 
schizophrenia (CIAS), communication disorders (including stuttering, expressive 

25 language disorder, mixed receptive-expressive language disorder, phonological disorder 
and communication disorder not otherwise specified), conduct disorder, cyclothymic 
disorder, dementia of the Ateheimers type (DAT), depression (including adolescent 
depression and minor depression), dysthymic disorder, emotional dyaregulatton 
(including emotional dysregulation associated with ADHD, borderline personality 

30 disorder, bipolar disorder, schizophrenia, schizoaffective disorder and intermittent 

explosive disorder), fibromyalgia and other somatoform disorders (including somatization 
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disorder, conversion disorder. pain disorder, hypochondriasis, body dysmorphic disorder, 
undifferentiated somatoform disorder, and somatoform NOS), generalized anxiety 
disorder, hypotensive states including orthostatic hypotension, incontinence (i.e.. stress 
incontinence, genuine stress incontinence, and mixed incontinence), an inhalation 
5 disorder, an intoxication disorder, learning disabilities (including developmental speech 
and language disorders (such as developmental articulation disorder, developmental 
expressive language disorder and developmental receptive language disorder), leanuug 
disorders (such as reading disorder, mathematics disorder, disorder of written expression 
and learning disorder not otherwise specified) and motor skills disorders (such as 
10 developmental coordination disorder)), mania, migraine headaches, neuropathic pain, 
nicotine addiction, bbesiiy (i.e., reducing the weight of obese or overweight patients), 
obsessive compulsive disorders and related spectrum disorders, oppositional defiant 
disorder, pain including chronic pain, neuropathic pain and antinociceptive pain, panic 
disorder, peripheral neuropathy, post-tmumatic stress disorder, premenstrual dysphoric 
15 disorder (i.e., premenstrual syndrome and late luteal phase dysphoric disorder), psoriasrs, 
psychoactive substance use disorders, apsychotio disorder (incloding scWzophrema, 
schizoaffective and schizophreniform disorders), seasonal affective disorder, a sleep 
disorder (such as narcolepsy and enuresis), social phobia (including social anxiety 
disorder), a specific developmental disorder, selective serotonin reuptate ummiuon 
20 (SSRI) "poop out" syndrome (i.e. wherein a patient who foils to maintain a satisfactory 
response to SSRI therapy after an initial period of satisfactory response), TIC disorders 
(e.g., Tourette's Disease), tobacco addiction and vascular dementia. The compounds of 
me present invention are particularly suitable for the treatment of attention deficit 
hyperactivity disorder, ADHD. The compounds of the present invention are also 
25 particularly suitable for the treatment of schizophrenia. 

The term "treatment" as used herein refers to both curative and prophylactic treatment of 
disorders associated with norepinephrine dysfunction. 



30 



The compounds of the present invention are also indicated for the treatment of disorders 
which are ameliorated by an increase in the amount of noreptoephrine neurotransmitter 
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wittdn the synaptic deft of a mammal above that which would be considered to be normal 
or desirable for the mammalian species,, or an individual within the Species, hi question. 

In another embodiment of the present invention, there is provided a pharmaceutical 
5 composition comprising a compound of formula (I) or a pharmaceutical iy acceptable salt 
thereof together with a phannaceutacally acceptable diluent, eraripient Or carrier. 

In another embodiment of the present invention, there is provided a compound of formula 
(I) or a pharmaceutical acceptable salt thereof for use in therapy. 

10 

In another embodiment of the present invention, there is provided a compound of formula 
(I) or a pharmaceutically acceptable salt thereof for use as an inhibitor of the reuptake of 
norepinephrine. Preferably such inhibition occurs within mammalian cells (Including 
mammalian cell membrane preparations), especially those found within the central and/or 
1 5 peripheral nervous system. More preferably such inhibition occurs within the cells of the 
central nervous system of a mammal, especially a human, in need thereof. 

In another embodiment of the present invention there is provided a compound of formula 
(I) or a pharmaceutically acceptable salt thereof for treating disorders associated with 
20 norepinephrine dysfunction in mammals; 

In another embodiment of the present invention, there is provided the use of a compound 
of formula (I) or a pharmaceutically acceptable salt thereof for the manufacture of a 
medicament for inhibiting the reuptake of norepinephrine. 



In another embodiment of the present invention, there is provided the use of a compound 
of formula (I) or a pharmaceutically acceptable salt thereof for the manufacture of a 
medicament for the treatment of disorders associated with norepinephrine dysftmction in 



25 



mammals. 



30 
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* mother embodiment of the present invention, there fa provided a method for inhibitmg 
the reuptake of norepfoephrine in mammals comprising adnnmstering to apatient m need 
thereof an effective amount ofa compound of formula CD or a phamaceutically 
acceptable salt thereof- 

In another embodiment of the present invention, there is provided a method for treating 
disorders associated with norepinephrine dysfunction in rnammals comprising 
admimstering to a patient in need thereof an effective amount of a compound of formula 
(J) or a pharmaceutically acceptable salt thereof. 

The present invention indudes the pharmaceutical^ acceptable salts of the compounds of 
formula (D- Suitable salts include acid addition salts, including salts formed with 
Organic acids, for example hydrochloric, hydmbromic, nitric, sulphuric orphosphoric 
acids, or with organic acids, such as organic carboxylic or organic sulphonic acids, for 
example, acetoxybenzoic, citric glycolic, o- rnaudelic-1, mandelic-dl, mandelic d, malelc, 
mesotartaric monohydrate. hydroxymaleic. fumaric, lactobiordc, malic, 
methanesulphonic napsylic, naphthalenedisulfonic, naphtoic, oxalic, palmitic, 
phenylaceuc, propionic pyridyl hydroxy pyruvic, salicylic, stearic, succinic sulfenihc, 
tartaric, 2-hydroxyethane sulphonic, toluene-p-suiphonic, and xfoafoic acids. 

The compounds of the present invention may be used as medicaments in human or 
veterinary medicine. The compounds maybe adnnnisteredby various routes, for 
example by oral or rectal routes, topically or parenteral^, for example by injection, and 
are usually employed in the form of a pharmaceutical cwnposition. 

Such compositions may be prepared by methods well known in the pharmaceutical art 
and normally comprise at least one active compound in association with a 
pharmaceutically acceptable diluent, excipient or carrier. In making foe compositions of 
the present invention, the active ingredient will usually be mixed with a carrier or dinted 
"by a carrier, and/or enclosed within a carrier which may, for example be in the form of a 
capsule, sachet, paper ox other container. Where the carrier serves as a diluent, it maybe 



10-11-03 



18:58 

P-15830 



From-PATENTS ELI LILLY 



01270483306 



T-982 P. 24/98 F-407 




-20- 



solid, semi-solid, or liquid material which acts as a vehicle, exdpient or medium for the 
active ingredient. Thus, the composition-may be in the form of tablets, iofceages, sachets, 
cachets, elixirs, suspensions, solutions, syrups, aerosols (as a solid or in a liquid medium), 
ointments containing, for example, up to 10% by weight of the active compound, $Oft and 
S hard gelatin capsules, suppositories, injection solutions and suspensions and sterile 
. packaged powders. 

Some examples of suitable carriers are lactose, dextrose, vegetable oils, benzyl alcohols, 
alkylene glycols, polyethylene glycols, glycerol triacetate, geLatfn, carbohydrates such as 
10 starch and petroleum jelly, sucrose sorbitol, mannitol, starches, gum acacia,calcium 
phosphate, alginates, tragacanth, gelatin, syrup, methyl cellulose, methyl- and propyl- 
hydiobenzoate, talc, magnesium stearate and mineral oil. The compounds of formula (I) 
can also be lyophilized and the lyophilteates obtained used, for example, for the 
production of injection preparations. The preparations indicated can be sterilized and/or 
15 can contain auxiliaries such as lubricants, preservatives, stabilizers and/or wetting agents, 
emulsifiers, salts for affecting the osmotic pressure, buffer substances, colourants, 
flavourings and/or one or more fUrther active compounds, e.g. one or more vitamins. 
Compositions of the invention may be formulated so as to provide, quick, sustained or 
delayed release of the active ingredient after administration to the patient by employing 
20 procedures well known in the art 

The compositions are preferably formulated in a dosage unit form, each dosage unit 
containing from about 5 to about 500 mg, more usually about 25 to about 300 mg, of the 
active ingredient. The term "dosage unit form" refers to physically discrete unite suitable 
25 as unitary doses for human subjects and other mammals, each unit containing a 

predetermined quantity of active material calculated to produce the desired therapeutic 
effect, in association with a suitable pharmaceutical carrier. 

Compounds of the present invention may be prepared by conventional organic chemistry 
30 techniques. General schemes outlining the synthetic routes to compounds of the present 
invention are described below. For clarity, Rx, Ry and Rz are shown as H, however, it 
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„ffl b. appreciafcd ** analog ro^ c*U b* applied «>r other possible identitiea 
of Rx, Ry and Rz. 

Tie key intermedia** of formulae (X). P 3 ) az«i(Xn) maybe prepared aa stowubeiow 
(where Prepreaetlts art r^protecttog group): 

oh ^ y» 

J J J 

^protected elhanoWe is reacted with 2-chloroacryloBitrile to give a Mich** adduce 
which is then treated « *7« with a base, such as potassium t-butoxide, to give a 
compound of formula (X). The compound of formula (X) may then be hydroly** * 
HS^l to give the ester of formula (XI). This in turn may be converted onto the 
Wemreb amide of formula (XH) by adding a solution of (XI) to a preuuxed solution of 
W-dimemyfoydroxylamine and trmtemylaluminium. Suitable N-protecting groups W dl 
be' known to the person skilled in the art. Further information on suitable N-protecrme 
groups is Pontamedi^^^ 

Theodora W. Greene and Peter CM. Wuts, John Wiley & Sons. Inc., New York, 1999. 
pp.494-653. Benzyl is an especially preferred N-protecting group. 

N-protected compounds of formula (I) wherein X is NH* may be prepared from 
compounds of formula (X) as shown below: 
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V r nh "I f"* 

P l> 



noi isolated 



In route A the intermediate (X) is treated with m excess of the Grignard reagent 
Arl CH2MgBr to provide an N-protected compound of formula Q) wherein X is NHb and 
Rl is CH 2 Ar2 wherein Ar2 = Arl. In route B the intermediate (X) is treated with one 
5 equivalent of the Grignard reagent RlMgBr followed by one equivalent of the Grignard 
reagent Arl CHzMgBr to provide &n N-protected compound of formula (I) wherein X is 
NH 2 - Alternatively, the Grignard reagent ArlCHjMgBr may be added first followed by 
RlMgBr. Preferably, a Lewis acid such as titanium isopropoxide is added to the reaction 
mixture in between addition of the Grignard reagents (see Charette, A,B.; Gagnon, A; 
10 Janes, M; Mellon, C; Tetrahedron Lett, 1998, 39(29), 5147-5150 and Charette, A.B.; 
Gagnon, A; Tetrahedron: Asymmetry, 1999, 10(10), 1961-1968). 

N-protected compounds of formula (I) wherein X is OH and Rl is CH2Ar2 wherein Ar2 = 
Arl may be prepared from compounds of formula (XI) as shown below: 



Intermediate (XL) is treated with an excess of the Grignard reagent Arl CHfeMgBr to 
provide an N-protected compound of formula (I) wherein X is OH and W is CH 2 Ar2 
wherein Ar2 = Arl. 



15 
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scheme to provide an. N-protectea campu 

a ,th* ^reaent invention wherein X is C1-C4 alkoxy, may be 

20 X=OH as shown below: 
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Suitable strong bases will be known to the person skilled in die art and include, for 
example, sodium hydride. Similarly, suitable alkylating agents will be known to the 
person skilled in the art and include, for example, C1-C4 alkyl halides such as methyl 
iodide. 

N-protected compounds of the present invention wherein X is NH(C1-C4 alkyl), may be 
synthesized by treatment of a compound of formula (1) wherein X = NH* under reductive 
alkylating conditions or using suitable alkylating agents known to the person skilled in 
the art including, for example, C1-C4 alkyl halides such as methyl iodide. 

N-protected compounds of the present invention may be elaborated upon using standard 
organic chemistry to provide further N-protected compounds of the present invention* For 
example, organometallic type couplings between an Arl -Br derivative and a 
phenylboionic acid as shown below can provide Arl -phenyl derivatives. 



Compounds of formula (I) may be obtained by deprotection of the N-protected 
intermediates as shown below: 





(J) wherein Rx, Hy and Rz=H 



Further information on Suitable deprotection methods is contained in the well known texr 
"Protective Groups in Organic Synthesis" referenced above. 
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Thus, in another embodiment of the present invention there is provided a process for the 
preparation of compounds of formula (0 comprising the step of deprotecting a compound 
of me formula (XIV) 

(xrv) 

wherein P represent an N-protecting group and all other variables are as defined for 
fbmmla (D above, to provide a compound of formula (I). optionally followedby the step 
of forming a pharmaceutically acceptable salt. 




10 



Examples of compounds of the present invention may be prepared by conventional 
organic chemistry techniques ftomiST-benzyl-morpljoline-2-carboxylic acid ethyl ester 1 
as outlined in Scheme 1. 



"R1 



1a1b lacomlc 

Ita darirod crwntlorrwr 



2a, 2b: racmnlo 

2fa i desired anantlomsr 



Scheme 1 

15 Conversion of 1 into Weinreb amide 2 followed by treatment with a suitable Grignaid 
reagent leads to ketones listed w TaMe 1- 



R1 


Number 


methyl 


3 


ethyl 


4 


Isopropyl 


5 


Isobutyl 


6 


cyclopentyl 


7 


tetrahydropyranyl 


8 
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3.3,3-trifluoropropyl 



4, 4,4-trffl uorobufyl 



cyclopropyl 



77 



Table 1 



10 



Cyclopropyl-si*bsttorted ketone 77 may alternatively be obtained from N-benzyl 
moipholinone as outlined in Scheme 4. 



Treatment of the benzyl-morpbolimne with a strong base such as lithium 
diisopropylamide followed by addition of cyclopropyl methylaJdehyde gives 75, 
Reduction of 7S with, for example, borane-TKF complex gives 76. Addition of a solution 
of 76 to a pre-mixed solution of dimethylsulfoxide and oxalyl chloride provides 77. 

Reaction of ketones listed in Table 1 with a suitably substituted benzyl Grignard reagent 
gives N-benzyl substituted tertiary alcohols listed in Table 2 as outlined in Schema 2. 



J N-fc>9n*yI Jjuhatttotari tertiary alcohols 

Scheme 2 

Deben^ylation and salt formation as detailed in Scheme 3 leads to the tertiary alcohol 
salts listed in Table 2, 




Scheme 4 




Ph 




c 



N.HCI 




Scheme 3 
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Example 


R4 


R2,R5 


N-Benzyl 


HCi salt 


1 


rneinyi 


"2rPt\ 


11 


12 


2 


a thru I 


2-OMe,5-F 


13 


14 


n 

3 


on ty i 


2-OCF3 


15 


ie 


4 




2-Ph 


17 


ia 


5 




2-OMe, 5-F 


19 


20 


6 


l sop ropy j 


2-0 Me 


21 


22 


7 


isopropyl 


2-Oet 


23 


24 ! 


B 


isopropyi 


2-OCF3 


25 


26 


y 


lc*mrv*if\\/l 


2-Ph 


27 


25 


4 it 

10 




2-Ph,5-F 


29 


30 


1 1 


ipnnt 

isouuiyi 


2-OMe 5-F 


31 


32 


12 


isouuiyi 


2-Oet 


33 


34 


13 


isouuiyi 


2-OGF3 


35 


36 


14 


\c- f%\*>\ if"\»l 

ISOPULyl 


2-Ph 

* r ii 


37 


38 


15 


louuuiy t 


2-Ph. 5-F 


39 


40 


1o 




2-QM6, 5-F 


41 


42 | 


17 


m ir*\ nnon fa/1 


2-Oet 


43 


44 


18 


cyciopsniyi 


2-OCF3 

Jt— VWI 


45 


48 ! 


19 


cyclopentyl 


2-Ph 


47 


48 


20 


...cyalopentyl 


2-Ph. 5-F 


I 49 


50 


ZT 


tetrahvdropyranyl 


2-OMe. 5-F 


51 


52 




tetrahydropyranyl 


2-OCF3 


63 


54 


23 


tatrahvdropyranyl 


2-Ph 


55 


56 


24 


tetrahydropyrarryl 


2-(3-F-Ph) 


67 


58 


25 


3.3.3-triftuorgpropyl 


2-OMe, 5-F 


59 


60 


26 


3.3.34rlfluorapropy 


2-OCF3 


61 


62 


27 


3 3.3-trffluOfOpropyl 


1 2-Ph 


63 


64 


1 28 




65 ■ 


66 


29 


4.4.4-trlfluorQbutyl 


2-Ph 


67 


68 


30 


f cyclopropyl 


2-OMe 


69 


70 


31 


cvdopropyl 


2-Oet 


71 


72 


32 


cyclopropyl 


2-Ph 


73 


74 



Table 2 



Examples 1 to 32 can be otained in enantiomerically pure form via this route wring 
chirally pure ester lb. Resolution of 1 into la and lb can be achieved through chiral 
HPLC. Addition of the benzyl Grignard reagent is a stereoselective process and gives 
5 predominantly one diastereomer with only small amounts of the second diasrereomer. M 
epimerisatioTL was observed during removal of the benzyl group. Alternatively, 
enantiomerically pure products are obtained through conversion to an ^protected 
analogue such as butyloxycarbonyl or carbobenzyloxy followed by separation by chiral 
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HPLC. Removal of the N-protecting group leads to enantiomerically highly enriched 
-products. 

M the experimental procedures described below the following abbreviations axe used: 
5 HPLC - high performance liquid chromatography 
THF = tetrahydrofUran 
DCM = dichloromethane 

FIA + (or FIA-MS) - fast-ionisarion-analysis mass spectrometry 
LCMS = liquid chromatography mass spectroscopy 
10 NMR - nuclear magnetic resonance 
MW = molecular weight 
MeOH = methanol 
EtOAc or AcOEt •=> ethyl acetate 
PS-DIEA = polymer-supported dusopropyletbylamine 

1 5 DEA = memylamine 

R T = retention time . . 

cbz - caibobenzyloxy 



20 



Svnt »^ Precedin g *™ **** Preparation of Examples 1 to 32 



General Procedure 1: Preparation of N-benzy! morpholine alkyl ketones 
To a solution of the carboxamide 2 or 2b in anhydrous THF at 0°C is added a solution of 
the requisite Grignard reagent (1.2-3 eq in one or two aliquots). The reaction mixture is 
allowed to warm up to room temperature and left stirring for 45 minutes to 2 hours before 
25 quenching either with IM hydrochloric acid or saturated ammonium chloride solution and 
extracting either in DCM or ethyl acetate. The combined organic layers are dried over 
magnesium sulphate, filtered and concentrated in vacuo to give the corresponding alkyl 
ketones 3-10 and 77. 
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C. na al 2: Praparatioo of N^U^ary 



alcohols 




10 



15 



20 



of cold water. After extracts of the aqueo wncent rated to mm* 

to give the title N-benzyl tomary alconois. run 
compounds* 

To aS oluu<mof theieqtnsiteN ^ «U«»flfll 
eaorotomateO to 10 «D atroom P ^ 

^ sola** h av«or».«. to g.ve . product, - 
individual compounds. 

, j. r.™v«rsion at »mm<* into hydrochloride salt. 
«*— * °T^1 to dry Ml a*- (5-10 ml) is add* ***■**» 

quantitative yield. 



25 
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Getterat Procedure 5: Preparation of benzyl Grignard reagents 
Such reagents were prepared from the requisite benzyl halids using methods known to 
those skilled in the art (see for example Fieser, L.F. and Fieser, M.F. "Reagents for 
5 Organic Synthesis", John Wiley and Sons Inc. Vol. 1 , pp. 415^24 or March, J. 

"Advanced Organic Chemistry", John Wiley and Sons Inc., 3°* Ed., pp. 558-561)- The 
requisite benzyl halides were either commercially available or prepared using previously 
published literature methods. 

10 Preparation of Intermediates for the Synthesis of Examples 1-32 
4-Ben2yt-morpholine-2-carbamtrih 




A one-litre reactor with mechanical stirring, cooled by an ice bath, is charged with 
1 5 iV-benzylethanolainine (1 72.2 g; 1 equiv. available from Aldrich Chemical Company). 2- 
Chloroacrylonitrile (100 g; 1 equiv. available from Aldrich Chemical Company) is added 
dropwise over 2 minutes. The temperature is maintained between 23 °C and 29 °C by 
means of the ice bath and subsequently a water bath at 15 °C. After one night stirring at 
room temperature (water bath), the mixture is dissolved in tetrahydrofuran and transferred 
20 to a 2 L reactor which is cooled to -5 d C by ice/NaCl bath. The total volume of 

tetrahydroffaran is 1.35 L. Potassium *m-butoxide (148 g 1.1 equiv.) is added by portions 
over 1 hour, keeping the reaction temperature at Q±2 P C. After 1 hour post-stirring at 0 
°C, the mixture is quenched with saturated NaHCOs (500 mL). The aqueous layer is 
extracted with diethyl ether (500 mL). Organic layers are dried over MgS0 4 and 
25 evaporated to dryness. The trfle compound (149.8 g; 65%) is obtained after percolation of 
the 250 g dry residue on 1 kg of SiOa, eluting with the following gradient: 
5% AcOEt - 95% n-heptane 2,5 L 

1 0% AcOEt - 90% n-heptane 2 L 
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15% AcOEt - 85% n-heptane 2 L 

20% AcOEt 80% n-heptane 5 L 

(R£)-4<rBcnzpl-morphoUne-2-PWboxylic acid ethyl ester (l<hlb) 



0^ 



A stirred solution of 4-benzyl-morpholin^2-caibonitrile (1 13.0& O.Soraole) in ethanol 
(1030ml) is treated with concentrated sulphuric acid (16Sml) added in portions. 

5 (exothermic, internal temperature rises from ambient to 65 °C). The mixture is men 

warmed under reflux for 66hrs. The solution is cooled and men concentrated in vacuo to 
half volume, basified with aqueous potassium carbonate (beware frothing) and the 
product extracted into diethyl ether. The organic phase is dried over magnesium sulphate, 
filtered and evaporated to dryness in vacuo to yield an oil. This material is evacuated 

10 further under high vacuum. Yield - 121.3g (87%). 

(j^SH'Bent^I-morphoUm-2-carboxyUc acidm^hoxy-methyl^m^e (2a, 2b) 



To a stirred suspension of W-oimeraymydroxylamme (6.6 g, 67.6 mmol) in imhydrous 
DCM (200 ml) under nitrogen at 0°C is added dropwise a solution of trimemylalummium 

15 (2M solution in hexane, 34 ml, 67.6 mmol) over 30 minutes. The reaction mixture is 
allowed to warm up to room temperature and left stirring for 1 hour. A solution of the 
ester la, lb (6.74 g, 27 mmol) in axihydrous DCM (100 ml) is then added dropwise over 
30 minutes and the reaction mixture left stirring overmght before quenching by cautious 
addition of phosphate buffer (disodium hydrogen phosphate, pH 8) solution. The 

20 precipitate is removed by filtration through a cellte pad and the residue washed with 

chloroform. The organic phase is then concentrated in vacuo and washed with water. The 
aqueous layer is re-extracted with chloroform and the organic phases are combined, 
washed with brine, dried over magnesium sulphate and the solvent evaporated in vacuo to 
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give 2a> 2b as a yellow oil, Alternatively, the reaction could be worked up as follows: 
upon addition of a solution of the ester la, lb (1 eq) the reaction mixture is left stimng 
for I hour before quenching by addition of phosphate buffer (disodium hydrogen 
phosphate, pH 8) solution, followed by addition of water. The aqueous layer is re- 
5 extracted with DCM and the organic phases are combined* dried over magnesium 

sulphate and the DCM evaporated in vacuo to give 2a, 2b as a yellow oil (3.36 g, 47 %). 
MW 264.33; C l4 H 2 oN20 3 ; l H NMR (CDC1 3 ): 7.47-7.22 (5H 3 m), 4.55 (IH, d, 1.5 Hz), 
4.00 (IH, dd, 11-5 Hz, 1 .7 Hz), 3 .75 (IH, dt, 11.5 Hz, 22 Hz), 3.65 (3H, s) 3.56 (2H, m), 
3.17 (3H, s), 2.93 (IH, d ? 113 Hz), 2.68 (IH, d, 11.3 Hz), 2.30 (2H, AB a 11.3 Hz); 
10 LCMS: (6 min method) m/z 265 [M-HHJ + , Rt 0.65 min- 

2-Phenyl-5-jluQTo benzyl bromide 




The tide compound is prepared in 5 steps from commercially available (Aldrich) 5- 
fluorosalicylic acid following literature procedures (JACS, 2000, 122, 4020-4028). MW 
15 265.13; C 13 HidBtF; *H NMR (CDCfe): 7.48-7.38 (SH, ra), 7.26-7.19 (IH, m), 7.05 (IH, 
td, 8.3 Hz, 2.8 Hz), 439 (2H, s); 1<y F NMR (CPC1 3 ): -1 14.72. 
(5-Flaoio-2~metlwxy-phenyl)-metfianpl 




To a solution of 2~methoxy-5-fluorobenzaldehyde (1 1 ,093g, 1 equiv.- available fiom 
20 Aldrich Chemical Company) in methanol at -10 *C under nitrogen atmosphere is added 
NaBHf (7.5 15g, 2.7 equiv.) portionwise. The solution is allowed to warm to room 
temperature and after 30 minutes the reaction solvent is removed under reduced pressure 
and replaced with dictyoromethane. This solution is poured onto ice water and further 
extracted with dichloromethane. The organic fractions are collected and dried (MgSO*) 
25 and the solvent removed under reduced pressure to give the tide compound as an oil 

(9.794g, 87%)^H NMR (300MHz, CDCI3): S 2.58 (m y IH), 3.81 (s, 3H), 4.63 (d, 2H, 7= 
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63 Hz)> 6.78 (dd, 1H, J« 8.3 md 4.3 Hz) a 6.94 (td, 1H, 8.5 and 3,1Hz), 7.04 (dd, 1H, 
J=8J and 3.1Hz), 
5-fluoro-2-methoxybenzyl chloride 



OMe 

op 



F 

5 Neat (5-Fluoro-2-methoxy-phenyl)-meth8iiol (19.587& 1 equiv.) is added to neat SOCla 
(42.2 jnL, 4.6 equiv.) at -78°C under a nitrogen, atmosphere and the solution is then 
allowed to warm to room temperature and stirred until evolution of gas ceases. An 
equivalent volume of anhydrous toluene is added to the flask and the solution heated to 
60°C. On cooling, the reaction solution is poured onto ice water. The toluene layer is 
1 0 separated and dried (MgS0 4 ) and the solvent removed under reduced pressure. The crude 
material is sublimed (60-80°CU05 mBatr) to give the title compound as a white solid 
(13.40 s, 61%). l H NMR (300MHz, CDC1 3 ); 8 3.87 (s. 3H). 4.60 (s. 2H), 6.79-7.20 (m, 
3H). 

2-meOtojey-S-Jluotobenzyl magnesium bromide 

IS Magnesium turnings (21.6 g, 0.888 mole, 2 eq.) and diethyl ether (300 ml) are loaded in a 
reactor under N 2 . A solution of 5-fluoro-2-methoxyben2^1 chloride (1 16 g, 0.664 mole, 
1 .5 eq.) in diethyl ether (200 ml) is loaded in an addition funnel. Iodine crystals and a 
small amount of the 5-fluoro-2-meth0xyben2yl chloride solution axe added and the 
reaction mixture is stirred to initiate the reaction. The remainder of the S-fluoro-2 

20 methoxybenzyl chloride solution is then added drop-wise maintaining the temperature of 
the reaction mixture below 28 "C. The mixture is stirred for another. 5 minutes at 19 "C 
and after completion of the addition and a white suspension is formed. 
l-[4-(Phenylmethyl)marphoUn-2-y11ethan'-l~ane(3) 



25 Compound 3 is obtained from 2b (0.730 g, 2.8 mmol) and commercially available 

(Aldrich) methyl magnesium bromide (1 .0M solution in THF, 3 ml, 3 mmol, 1.1 eq) in 
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anhydrous THF (25 ml) following General Procedure 1 after purification by automated 
column chromatography CExOAc/n-heptaoe.14-100% gradient) (0.3 & 49%). MW 23533; 
C14H21NO2. LCMS (6 minute method) mJz 220.1 [M+H] + , R T 1-55 min. 
l-[4^henylmetl^l)morphonn-2-yl]pr(rpm-l-one (4) 



Compound 4 is obtained from 2b (0.70 g, 2.65 mmol) and commercially available 
(Aldrich) ethyl magnesium bromide (2.65 ml, 7.54 mmol 3 eq) in anhydrous THF 
ml) following General Procedure 1 as a yellow oil (583 mg, 89%). MW 249.36; 



Compound S is obtained from 2b (3.01 8 g, 1 1.4 mmol) and commercially available 
(Aldrich) isopiopyl magnesium chloride (2M/THF, 17.1 ml, 34 J mmol, 3 eq) in THF 
(100 ml), following General Procedure 1 as ayellow oil (2.68 g, 89%); MW 263.38; 
C16H25NO2); LCMS (6 minute method): ra/z 2485 tM+H]%R T 2.41min. 
3-Methyl'l-r4-(phenylmethyl)morphoUn^2-y0butm-J-Qne(6) 



Compound 6 is prepared from 2 (10 g, 37 mmol) in anhydrous tetrahydrofuran (50 ml) 
and commercially available (Aldrich) isobutyl magnesium bromide (2M solution in 
diethyl ether, 56 mmol, 28 ml, 1.5 eq) following General Procedure 1 . After stirring ft 
hour me reaction is quenched by addition of aqueous hydrochloric add (150 ml). THF 
removed in vacuo and diethyl ether is added after pH adjustment by addition of a 
saturated sodium bicarbonate solution. The organic phases are combined, dried over 
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maguesium sulphate and the solvent is removed in vacuo. 6 is isolated in 80% purity (8,7 
& 67 % with respect to product). MW 26L37; CufttfO* LCMS: (6 min method) 
mfe 262.2 [M+Hf , Rt 2.753 min. 

5 Compound7ispreparedfrom2(3.36g, 12.7 mmol) in anhydrous tetrahydiPto (120 
ml) and commercially available (Aldrich) oydopentyi magnesium bromide (2M solution 
in diethyl ether. 19.1 ml, 38.2 mmol. 3 eq following General Procedure 1 in quantitative 
yield as yellow oil. MW 273.38; CnHaiNOs ICMS: (6 mia method) mfe 274 [M+H] , 

10 Rt 2.24 min. 

. Compound 8 is obtained from 2b (2.84 & 10.74 mmol) in anhydrous tetrahydrofuran (30 
and 4-tetrahydropyxanyl magnesium chloride (Chem, Ber. 98.1965, 37S7) (2M 

15 solution iutetrahydroto. 63 ml, 13 mmol. ^ euJfoUo wing G^WiV^r, L 
After 30 minutes further 4-tetrahydxopyrauyl magnesium chloride is added (2M soluUOu 
in diethyl ether, 6.5 mL 13 mmol, 1 eq.). After stirring for 2 hours the reaction mixture is 
quenched by addition of ammonium chloride solution (30 ml) and ethyl acetate (30 ml). 
The aqueous layer is re-extracted with ethylacetate (30 ml) and foe organic phases are 

20 combined, dried over magnesium sulphate and the solvents are removed in vacuo. The 
resulting residue is purified by ion exchange ion exchange chromatography to give 8 as a 
yellow oil (2.98 g, 96 %). MW 289.38; C 17 H 23 N0 3 . LCMS: (6 min melhod) m/z 290 
(M+Hf, R T 2.20 min. 
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Compound 9 is obtained ftom 2h (l-38g, $.23mmvl) and 3^,3-trifluo;ropropy! 
magnesium bromide (20,9mls, 10.50mmol, 2eq) indryTHF (45ml) following General 
S procedure L 3,3,3 -Trifluoropropyl magnesium bromide is obtained from commercially 
available (Aldrich) 3,3,3-trffluoroprapyl bromide fallowing General Procedure J. 
Purification by ion exchange chromatography gives 9 as oil (1 ,24g, 78.7%). MW 301.3 ! ; 
QsHigFaNCk LCMS (6 minute method): m/z 3Q2.4 [M+H] + , R T 2,6Smin. 
5m A J-7W>to«ne^^ (10 



10 




Compound 10 is prepaid fra m a solution. Of 2 (0.717 & 2.71 mmoi) in anhydrous 
tetrahydrofkran (20 ml) and 4,4,4-TrifluorobutyI magnesium bromide (0.5M solution in 
diethyl ether, 6.5 ml, 3,25 mmol, L2eq). 4,4,4-Trifluotobutyl magnesimn bromide is 
obtained from conroercially available (Aldrich) 4,4,4-triflnorobutyl bromide following 

15 General Procedure 5. After 30 minutes another 0.3 eq of 4 ? 4,4-trifluorobutyJ magnesimn 
bromide are added (0.5M solution in diethyl ether, 2.5 ml). After stirring for 2 hours the 
solvents are removed in vacuo and water (20 ml) and ethyl acetate (30 ml) are added to 
the residue. The organic phase is washed with brine, dried over magnesium sulphate and 
the solvent is removed in vacuo to give 10 as clear oil (0.985 g), 10 is taken onto the next 

20 step without further purification, MW 315,34; C16H20NO2F3; LCMS: (6 min method) m/z 
316[M+Hj^R T 2.9min. 

4-Benz$lmorpholinr<3~tine 
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A solution of iy^enzyl-^-bydtoxyetbyl) chloxoacetamide (627.7 g, 2.76 mol) in tert- 

butoxide (2.897 lofalM solution in fei^butanol, 2.90 mot 1 .05 eq) is added over 2 
hours. The reaction mixture is men stirred at room temperature for 90 minutes. Ice-cold 
water (6 1) is added and the resultant cloudy solution extracted with ethyl acetate. The 
combined organic layers ate washed with brine, dried over magnesium sulphate and 
evaporated in vacuo to give a light brown oil (441 g, 84%), which is used in the next 
atage without further purification; MW 191.23; C„H 13 NCh; 'HNMR (CDCU): 7,29-7.40 
(5H. m), 4.67 (2* s), 4.28 (2H, s>, 3.87 (2H, t, 5 Hz). 331 (2H, t. 5 Hz); LCMS: (12 min 
method) nVz 192 [M+H]+ @ Rt 1.00 mm. 
4-Ben2yl-2-(cyclopropyl-hydrv^methyiymOJpholm-3^)ne (75) 

OH 

% . 

To a solution of 4-b e nzyl-morpholin-3-one (9.5 g, 50 nnnol) inTHF (200 ml) is added 
Uuuumdii S cp»pylannd e (2MsoludonmTffi'.27ml. S4mmol, 1.1 eq ) dropwise over 

15 20 minutes at -78"C followed by slow addition of cyclopropyl methylaldehyde (3.85 ml, 
55 mmol. 1 .1 eq). After stirring at -78°C for one hour the reaction mixture is allowed to 
wann to room temperature and stirred for another 6 hours. The reactiou is quenched by 
addition of EtOAc and brine. The aqueous layer is extracted with EtOAc the combined 
organic layers are dried over magnesium sulphate and reduced in vacuo. Purification 

20 using automated column chromatography (DCM/MeOH. 0 to 15% gradient) gives 75 in 

70% purity with ^benzyl-moipholin-S-one as the major impwity . This product is directly 

used in the next step. MW 261 .32; C^sNO,; l H NMR (CDCb): LCMS: (6 min 

meraod) mfe 261.32 [M+Hf, Rt 2.23 
(4-Benwl^orphoRn-2-yt)^UwTopyfrmeih*nol(76) 

OH 



25 



11111111111 
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Borane-THF complex (1M solution in THF, 30 vp&, 30 mmol, 44 eq) is added slowly to a 
solution of 75 (1 .9 g, 7,3 mmol) Jn THF (100 ml). The reaction isheated to6Q?C. After 24 
hours MeOH and hydrochloric acid (2M 3 excess) are added and the resulting mixture 
heated for one hour at the same temperature- After careful addition of saturated NaHC0 3 
5 solution and EtOAc the aqueous layer is extracted with EtOAc. The combined organic 
layers are washed with, brine, dried over magnesium sulphate and the solvent is removed 
in vacuo. Purification by ion exchange chromatography gives 76 (1 .1 g, 61 %). MW 
247.34; C 15 H 2 iN0 2 ; ! H NMR <CDC1 3 ): LCMS: (6 rain method) to/z OM [M+H] + , R T 
2.48 min. 

10 Cyctopropyl[4~(phenyImethyl)moivhotm^ (77) 

A solution of dimelhylsulphoxide (0.69 ml, 9.7 mmol, 2,2 eq) in DCM (4.5 ml) is slowly 
added to a solution of oxalyl chloride (2.43 ml, 4.85 mmol, 1.1 eq) in DCM (2.5 ml) 
followed by a solution of 76 (1.09 g, 4.41 mmol) in DCM (0.7 ml) wider nitrogen at - 
15 60°C. After stirring for 15 minutes, triethylamine (3.14 ml, 22.1 mmol, 5 eq) is added and 
stirring continues for 15 minutes. After addition of water, the layers are separated. The 
aqueous layer is washed with DCM. The combined organic layers are washed with brine, 
dried over magnesium sulphate and the solvent is removed in vacuo. Purification using 
automated column chromatography (EtOAc/n-hexane, 20-50% gradient) gives 77 as a 
20 yellow oil (0.69 g, 64%). MW 245.32; CisHisNQz; 'H NMR (CDC1 3 ): LCMS: (6 min 
method) m/z 246.3 \M+K? r RT 1.095rain. 

Example 1; Preparation of l-ria , -biphenyl l-2-.vl~2-morpholfai-2-vl p>ropatt-2-ol 
hydrochloride (12) 

25 '-BiphenyIJ^2-yl-2-f4-(phenylmethy0mophoIin-2-yJpr<ip<4fi-2-itl (XI) 



10085506 ;^QrM§y-Q!FO^;ig 
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diethyl^ —»-«<*»»* l^^fa^d^mtHF^ 

Mowing (MM" * * - *— * *- 

5. Forth* eqrfvofeou, of *- 

.kmm* (0-50% EtOAc/heptaoe g«di»0 — — *• — 
>0 iurthor (0.23 o* UM — W- MW 387.53; 4A*0l LCMS (6 

ndOTte mrtlKid): mft 388.2 B*-H1*, Rt 3.37 win. 
W I '-Biph m yl}-2- S l-2-m<,pholm-2-ylprcpan-2-ol hydrochloride (12) 

H CM 

12 i, attained from U (204 n*, 0.53 nanoQ, a^loroethyl ehtonrfonnate (0.23 nd, 2.11 

15 nmd )^ PO b-^PP<^^ , »^^^ 105 '^ Ol)inDCM(5, ° l) 
fc U owtag^ OT !i^^i-I^« m »^^«^ dU ^ S, * y : 
IbUo^by prepare LCMS m 4 convert mtttelfl^oride^&Uowmg 

< 12 as (102 .» 65*, MW 297.36; C^O, HO, 

20 Hz), 3.56-3.65 (1H, m), 3.20-3.25 (1H, « 3.03 (2H, , .2.5 Hz). 2.82-249 (4H. o,),0.60 
(3H. s). LCMS (12 mimfle method): mft 298.2 tM+H] T . *t 4-38 mln. 
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Compound 13 is obtained fixxm 4 (583 xng, 2.5 mmol) and 2-methoxy-5-fluorobenzyl 
magnesium biomide (5*5 ml, 2,75 mmol, L 1 eq) in anhydrous THF (1 5 ml) following 
5 General Procedure 2. Further equivalents of 2-methoxy-5-fluorobenzyl magnesium 
bromide (2M solution in diethyl ether, 10 ml, 5.0 mmol) are added after 30 min and the 
mixture is warmed to zoom temperature and left to stir over night After purification by 
ion exchange chromatography 13 is obtained as a yellow oil in 67% purity (702 mg). The 
compound is taken over to the next step without farther purification. MW 373,47, 
10 C22HZ8FNO3. LCMS (6 minute method) m/z 374.2 [M+HT, Rt 3.17 min. 

H5-muor&-2~(Methyl0xy)phenyl]-2^orphoUn-2^ hydrochloride (14) 

y*. 

14 is obtained from 13 (71 7 rag, 1.92 mmol), a-chlaroethyl chloiofbrmate (0.S3 ml, 3.84 
mmol, 4eq) and polymer-supported Hfinig's base (1 ,08 g, 3.84 mmol, 2eq) in DCM (1 7 

15 ml) following General Procedure 3. Purification by ion exchange chromatography 
followed by preparative LCMS and conversion into the hydrochloride salt following 
General Procedure 4 gives 14 as a solid (185 mg, 30%). MW 319.81; C15H22FNO3.HCI. 
. 'H NMR (CD3OD) 8 H 6.94 (IH, dt, 1 J5 Hz, 9 Hz), 6.81-6.84 (2H, m), 4.07 (IH, dd, 3.5, 
13 Hz), 3.67-3.76 (4H, m), 3.56 (IH, dd, 2.5 Hz, 1 1 Hz), 3.33 (IH, m), 3.14-3.25 (1H, 

20 m), 3.00-3.08 (2H, m), 2.84 (2H, AB, 14 Hz), 1.37-1 .51 (IH, m), l.OS-1.19 (IH, m), 0.82 
(3H, x. 7.5 Hz). LCMS (12 minute method): m/z 284.1 [M-HCl+Hf , R T 3.76 rain. 
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• P m 



10 



15 



3? 



1 ^in^M—TSFOl m!) folio*** O^ral Pr^e 2. Ate 

H„ h vle 1 tar471ni2.3«mm 0 l).Purificadonbyk m ««=tan^ 




20 



• ^ « f 1 88 * 4 59 flunoQb a-cblotoethyl chloioformate (1.98 tnl. 18.4 

,= ^ „ ? purification using i°a exchange chromatography 
fWilmvme General Procedure 3, rwracauow um*+ & w 

, 70 rlH afl, 2 B*. H HA 3.44 (1H, * 13 Hz), 3.27-3.34 (IB, m). 3.12-3.22 (2H, 
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7.5 Hz), 0.93 (3H, t, 7,5 Htz). LCMS (12 minute method): m/z 320,4 [M+H]^, R T 2.77 
mm. 

Example 4; Preparation of l-fl.lM>iphenyt]-2-vl-Z-raorph^ . 
hydrochloride (18) 

1-[1>1 *-Biphenyl}*2~yl-2-[4-(pheny}m<nhyl^^ (17) 

far 




Compoimd 17 h obtained from 3 (601 mg, 2.58 mmol) and 2-phenyLbenzyl magnesium 
bromide (0.25M solution in diethyl ether, 1 1 .5 ml, 2.84 mmol) in anhydrous THF (15 ml) 
following General Procedure 2. 2-FhenyIbenzyl magnesium bromide is prepared ftom 
commercially available (Aldrich) 2-pheriylben2yl bromide following General Procedure 
J. Further equivalents of 2-phenylbenzyl magnesium bromide (10.32 ml, 2,58 romol) are 
added. Purification by ion exchange chromatography followed by automated column 
chromatography (0-50% EtOAc/n-heptane, gradient) gives 17 (705 mg, 68%) as a 
colourless oil in 91% purity which is directly used in the next step. MW 401 .55, 
C27H31NQ2. LCMS (6 minute method): m/z 402.2 [M+H]^, R T 3.56 min 
1-11,1 '-BiphenyQ^yl^moYphotin^ylbutQn-l^l hydrochloride (18) 




18 is obtained from 17 (705 mg, 1.76 mmol), a-dhloroefhyl chloroformate (0.76 ml, 7.02 
mmol) and polymer-supported Hiinig's base ($88 g, 3.52 mmol) in DCM (15 ml) 
following General Procedure 3. Purification by ion exchange chromatography followed 
by automated column chromatography (5-20% MeOH/DCM gradient) and conversion 
into the hydrochloride salt following General Procedure 4 gives 18 (0.37 g, 62%) as a 
yellow foam. MW 347,82, C^sNCfeJHCl ! H NMR (CD 3 OD) Sh 7.43-7.46 (1H, m), 
7.29-7.34 (3H, m) f 7.34-7.25 (SH, m), 7,06-7.1 1 (1H, m) 3 3.94 (lH, dd, 3.5 Hz, 13 Hz), 
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3:55-3.64 (1H, m), 3.37 (1H, dd, 1.5 Hz, 1 1 Hz). 3.09 <2H. d, 12.5 Hz), 2.80-2.99 (4H, 
m), L11-L23.0H, m), Q.91 (lH,m), 0.38 flft* 7,5 Hz),LCMS (12 ?tae method): 
m/z 312.1 [M+Hf,RT4.67nuiL 



5 



10 



15 



20 



?-vlhutan-?"f>l hydroch loride fltft 

1- [S-Fluoro-" > '~^"i™*"^"™ii-S-™ethvl-2-f4-(Dhenvhnethyl)mprphol^ 

2- ol(J9) 




Compound 19 is obtained from 5 (0.7 g, 2-83 mmol) and 2-methoxy-S-fluoro-bensyl 
magnesium bromide (6.2 ml, 3.11 mmol, l.leq) in anhydrous THF (15 ml) following 
General Procedure 2. Further equivalents of 2-memoxy-5-fii»ro-benzyl magnesium 
bromide (8.49 ml, 4.25 mmol) are added and mixture is warmed to room temperature and 
left to stir over night. Purification using automated column chromatography (0-25% n- 
heptane/EtOAc gradient) gives 19 (0.53 g, 48%). MW 387.5; C^HaoFNOa. LCMS (6 
minute method): m/z 388.2 [M+H] + , Rr 3.21 min, 

(20) 



N 

M CIH 

20 is obtained from 19 (523 rag, 1 .35 mmol), oc-chloroethyl chloroformate (0.58 rah 5-40 
mmol, 4eq) and PS-DffiA (0.76 g, 2.70 mmol. 2eq) in DCM (10 ml) following General 
Procedure 4. Purification by ion exchange chromatography and conversion to the 
hydrochloride salt following General Procedure 4 gives 20 as an Off-white solid (0.26& 



o 
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58%), MW 333.83, C16H24FNO3. HC1. 'H NMR (CD3OD) 8 H 7,10 (IH, d, 9,S Hz), 6.94 
(2H, d, 6 He), 4*07 (IH, dd, 3.5 Hz, 13 Hz), 3.71-3.88 (SH, ra), 3.21-3.47 (2H, m), 2,99- 
3.11 (4H, m), 1.8 (1H, septet, 7 Hz), 1,04 (3H, d, 7 Hi), 0.94 (3H, d, 7.0 Hz). LCMS (12 
minute method): m/z 298 [M-HCl+Hr, Rt 4.29 min. 

Example 6: Preparation of 3-methvl-l-r2-methvIoxv^henvll -2- morpbolm-2^ 
vlbntan-2-ol hydrochloride (22a, 22b1 

2-(4-8emyl~moiphoUn-2-yl)-l-(2-methoxy^ 




1 0 Compound 21 is obtained from 5 (1 .5 g, 6.06 mmol) and 2-methoxy benzyl magnesium 
bromide (available from Rieke-Metals) (0.2SM solution in THF, 33.9 ml, 8.49 mmol) in 
anhydrous THF (30 ml) following General Procedure i. Purification by column 
chromatography (0-40% EtOAofr-heprane gradient) gives 21 as colourless oil (1.45 g, 
84%). MW 369.51. C^iNQs-HCl. LCMS (6 minute method); w/z 370,2 [M+H] + , R T 

IS 2.77 min. 

S-J/tf^W^ (22a, 22b) 




223,22b is obtained from 21 (1.24 mg, 3.37 mmol), a-chloroethyl chloroformate (3.63 
ml, 33.7 mmol) and polymer-supported Hiinig's base (4.72 g, 16.8 mmol) in DCM (45 
20 ml) following General Procedure 3. Purification using ion exchange chromatography 
followed by chiral preparative HPLC (Heptane;BtOH;DEA 85U5;0 t 2 gradient, chiralcej- 
OD) gives the first elutlng enantiomer 22a (RT 9.5min), and the second eluting 
enantiomer 22b (RT 1 1.41min). The two enaotiomets are converted to their respective 
hydrochloride salt 22s (146 mg) and 22b (138 mg) and obtained as white solids (28% 
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overall combined yield). MW 315.84; C^C^.HCl. *H NMR (CD3OD) 8h 7.22-7.34 

2 45 % 12.4 Hz), 3.22-3.28 (IH, nfc 3.24 (1H. d. 12,8 Hz), 2.95-3.U (4H, ~), 1-83 (1H, 
septet, 6.8 Hz), 1 .16 (3H, d, 7.0 Hz), 0.95 (3H, d, 7.0 Hz). LCMS (12 minute method); 
5 m/z 280.2 [M-HCl+Hf,Rx4.05min. 

■>-^t h yHmghloridP 24M 



10 



15 



20 




Compound 23 is obtained from 5 (1 .5 g, 6.06 mmol) and 2-emoxybenzyl magnesmm 
chloride (available from Rieke-Metals) (0.25M solution in THF, 34 ml, 8.49 mmol) ta 
anhydrous THF (30 ml) following General Procedure 2. After repeated purification by 
coWohromatography (l00%DCMto 10% MeOH/ DCM gtadient foUowed by 1 00% 
DCM to 11 EtOAc: DCM gradient) 23 is obtained as colourless oil (0.8 g, 35%). MW 
383.54, C a4 H H N0 3 . LCMS (6 minute method): m/z 384.4 [M+Hf, R* 3.04 min. 




H OH 



25 



24* 24b are obtained from 23 (766 mg. 2.0 mmol). «-cMoroethyl cbloro&nnate (0.86 
«a 8.0 mmol) and polymer-supported Hunlg-s base (1.12 » 4.0 mmol) in PCM (30 ml) 
fouowing 3. Purification using ion exchange chromatography 

fbllowedby automated column cnromalography (0-20% MeOH/ DCM gradient) and 
cMml preparative chromatography (Heptaue;EtOH;DEA 95:5:0.2 gradient, chiracel AD) 
gives the first eluting enantiomer. Kr 13.40min, and the second during enantiomer, R T 
15 63min. After conversion to their respective hydrochloride salt 24a (85 mg) and 24P 
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(79 mg) are obtained as brown 3olids (28% combined yield), MW 293,36; 
C l7 H 27 NQ3.HCl. l H NMR (CD 3 OD) §h 7-Q6-7.09 <JH 4 to), 6.95-7.01 QH, ro), 6.66-6,75 
(2H, m), 3.80-3.92 (3H, m), 3.46-3.63 (2H, m), 2.96-3.15 (2H, m), 2.66-2.86 (4H, m), 
1.54-1.63 (1H, m), 1.22 (3H, t, 7.0 Hz), 0.82 (3H, d, 7.0 Hz), 0.71 (3H. d. 7.0 Hz). LCMS 
5 (12 minme method): ra/z 294.2 [M+HJ^Rt 4.60 min. 

Example 8: g-Methvl-S-moroholin-^vl-l-^-rftrifluftrometh vnQvvlbnran-Z-ol 
hydrochloride (2G\ 

3-Methyl-2-[4^henylmethyl)mQrphQlin-2-yl]-l-{2-[(tr\fl 
10 phenyl}butan-2-ol (25) 




Compound 25 is obtained from 5 (953 mg, 3,85 mmol) and commerpiaUy available 
(Fluorochem) 2-trifluoromethoxy benzyl magnesium bromide (8,48 ml, 4,24 mmol, 
1 . leq) in anhydrous THF (25 ml) following General Procedure 3 and addition of further 
1 5 2-trifluoromethoxy benzyl magnesium bromide (3.85 ml, 1 ,93 mmol). Purification by ion 
exchange chromatography gives 25 as a yellow oil in 86% purity which is used in the 
next step without further purification (1,53 g of isolated material). MW 423.38; 
QuHagFsNO;}. LCMS (6 minute method) m/z 424.1 [M+H] + , R T 3.53min. 
3-Meihyl-2-morpholin-2~yL1^2-[(trifluaTamethyl)tKw 

JO " « 

26 is obtained from 25 (1,S3 g, 3.61 xnraol), cc-cbioroethyl ehlorofoimate (1,55 ml, 14.5 
nunol, 4eq) and polymer-supported Hunig's base (2.03 g, 7,23 mmol, 2eq) in DCM (30 
ml) following General Procedure 3. Purification by ion exchange chromatography, 
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fellowed by automated column chromatography (0-20% MeOH/DCM gradient) 
conversion-toits hydroddotide salt fello^g. OMrfl. Procedure * gives 26 as a yellow 
solid (0.4 g, 29%). MW 379.82; QJbS***BCL 'H NMR (CD3OD) 5« 7.46 (1H. dd, 
1 5 HZ, 7.5 Hz), 7.14-7.24 (3H, m). 3.94 (IB. dd, 3.5 Hz, 13 Hz), 3.80 (1H. dd, 2.5 Hz, 
5 1 1 5 Hz) 3.69 (1H, td, 2.5 Hz, 13 Hz), 3.27 (1H, d, 13 Hz), 3.13 (1H, d, 12.5 Hz), 2.72- 
3.02 (4H, m), 1.70 (1H, septet, 7 Hz). 0.94 <3H> d, 7 Hz), 0.84 (3H, d, 7.0 Hz). LCMS (12 
minute method): m/z 334.4 [M+Hf, R T 2.94 min. 

10 h ydrochl oride (28) 




Compound 27 is obtained from S (0.7 g, 2.83 mmol) and 2-phenylbenzyl magnesium 
bromide (12.5 ml, 3.11 mmol) in anhydrous THF (15 ml) following General Procedure 2 
15 and farmer equivalents of 2-phenylbenzyl magnesium bromide reagent (11.3 ml, 5.66 
nunol) 2-Phmylbenzylmagnesiimxbiomideisprepared 

(Aldrich) 2-phenylbenzyl ^ Purification ^smg ion 

exchange chromatography, followed by automated column chromatography (0-20% 
EtOAc/n-heptane gradieat) gives 27 as oil (0.46 g, 40%). MW 415.58; 
20 LCMS (6 minute method): m/z 416.2 [M+Hf, R T 3.45min. 

WlJ>-Mphe»yq-2-yi-3-methyl-2-morjphotin-2^ hydrochloride (28) 

TP 



28 is obtained from 27 (405 m& 0.976 mmol), a-chloroethyl ohloromrmate (0.42 ml, 3.9 
mmol) and polymer-supported Humg's base (0.55 g, 1 .95 mmol) in DCM (7 ml) 
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following General Procedure 3. The crude product is purified using ion exchange 
chraxrmrography, and then . convertecUo its hydrochloride, salt fbUos^g General 
Procedure 4 to give 28 as a white solid {023 g, 71%). MW 361,91; C21H27NQ2.HCI *H 
NMR (CD3OD) 5h 7.61-7.64 (1H, m), 7.19-7.47 (8H, m), 3.95 (1H» dd, 4 Hz, 13 Hz), 
5 3.61-3/71 (2H, m), 3.04- 3,19 <4H, ra), 2,96 (1H, td, 4 Hz, 12.6 Hz), 2.70 (1H, dd, 13, 
1 1 .5 Hz), 1 .67 (1H, septet, 7 Hz), 0.75 (3H, d, 7 Hz). 0.63 (3H, d, 7 Hz). LCMS (12 
minute method): mlz 326.2 [M+H] + , Rt 5.02 min. 

Example 10: Preparation of l-<4^FluoTOri>l > -biphenvll-2-vlV^mcthyl^2-morpholin-' 
10 2-vlbutan-2-ol hydrochloride f30> 

l-(4-FluorQ[l,l J ^iphenyl]-2-yl)-3-methyi-2-[4^hen^ 
ol hydrochloride (29) 



Compound 29 is obtained from $ (1 43 g, 4.57 mmol) and 2-phenyl-5-fluorobenzyl 
1 5 magnesium bromide (0.5M in THF, 1 0.5 ml, 5.03 raraol) in anhydrous THF (30 ml) 
following General Procedure 2 (fnrtber 2-phenyl-5-ftuQroben2yl magnesium biOmide 
(0.33eq, 3 ml, 1 .51 mmol) is added after 30 min), 2-Phenyl-5-flwobeazyl magnesium 
bromide is obtained from 2-phenyl-5-fluorobenzyl bromide following General Procedure 
5. Purification by ion exchange chromatography followed by automated column 
20 chromatography (0-20% EtOAc/n-heptane gradient) gives 29 as a yellow oil in 86% 
purity which is directly used in the next step (1.58 g recovered material). MW 415.58; 
C28H33NO2. LCMS (6 minute method): m/z 434.5 [M+Hf , R T 3-7l min 
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(30) 



CIH 



30 is obtained fiom 29 (1.58 g, 3.63 mmol). a-^Woroethyl cbloroformate (1.57 ml, 3.63 
mmol) and polymer-supported Hunig's base (2.04 g, 7.26 nnnol) in DCM (30 ml) 
following Omentf iV^rf^ 3. The crude product is purified using ion exchange 
chromatography, automated column chromatography (0-20% MeOH/ DCM gradient, 40 
g column), and preparative LCMS. Conversion to the hydrochloride salt following 
General Procedure 4 gives 30 as a yellow solid COJJ g, 22%). MW 379.91; 
Qt,H«FNQ*HCL 'H NMR (CD*OD) Sh 7.20-7.35 (6H, m), 7.07-7.14 (1H. m), 6.90 (IH, 
td, 2.5 Hz, 8.5 Hz), 3.83 (1H, d, far, 10 Hz), 3.56 (2H. t, 10 Hz), 3.03-3.12 (2H, m), 2.79- 
2.98 (3H, m), 2,63 (1H, t, 11.3 Hz), 1.55 (1H, quintet, 7 Hz). 0.64 (3H, d, 7 Hz), 0.51 
(3H, d, 7 Hz). LCMS 02 minute method): mte 344.1 [M-HCl+Hf. *t5-14 min. 

rs,«. m p i e mJEE g Bap^ fif l-r5-fliioro-2-(mcthY lov Y)phenYn-4-methyl-2- 
m^ plinlin-2-y H~"«»"-W hydrochloride (33) 

yQpentan-2-ol 01) 



20 



Compound 31 is obtained fiom 6 (465 mg, 1.78 mmol) and 2-mefooxy-5-fluorobe«syi 
magnesium bromide (3.92 ml, 1.96 mmol, l.leq) in dry THF (10 ml) following General 
Procedure 2. Purification by ion exchange chromatography followed by automated 
column chromatography (040% EtOAc/n-heptane gradient) gives 31 as an oil (448 mg, 
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83% purity). MW 401.53; C24H32FNO3. LCMS (6 minute method): mix 402.2 [M+HT, 
Rt 3.40 mill. 

hydrochloride (32) 




on 



32 is obtained from 31 (448 mg f 1.12 mmol), ct-chloroethyl eworoformate (0.48 ml, 4.47 
mmol, 4eq) and polymer-supported Hunig's base (628 g, 2.23 romol, 2eq) in DCM (10 
ml) following General Procedure 3. Purification by ion exchange chromatography 
followed by preparative LCMS and conversion to its hydrochloride salt following 

10 General Procedure 4 gives 32 as a White solid (0.1 1 g, 32%). MW 347.72; C17H26FNO5. 
. HC1. 'H NMR (CD3OD) 8h 7.05-7.08 (1H, m), 6.95-6.98 (2H, m), 4.16 (1H, do, 3 Hz, 
\2S Hz), 3.75- 3.86 (4H, m), 3.67 (1H, d, 10.5 Hz), 3.S1 (1H, d, 12 Hz), 3.25-3.29 (1H, 
m), 3.07-3.20 (2H, m), 2.94 (2H a AB, 14 Hz), 1.86-1 .9 (1H, m), 1.53 (1H, dd, 5.5 Hz, 
14.5 Hz), 1.13 (1H, dd, 14.5 Hz, 5.5 Hz), 0.94 (3H, d, 2.5 Hz), 0.92 (3H, d, 2.5 Hz). 

15 LCMS (12 minute method): m/z 312.1 [M-HC1+H]'', R T 4.61 min. 

EsaHMfe 12: Pre paration of l-r2-/etfayloicv)phfenyn-4-methvl-2-morpholin- 2- 
yjpentan-2-ol (34a, 34h) 

l-[2-(Ethy1oxy)phenylj-4~me*hyl-2-{4-(phenylmethyI)mo}z>h^ 




Compound 33 is obtained from 6 (3.0 g, 11. 5 mmol) and 2-ethoxybenzyl magnesium 
chloride (available from ReQce Metals) (0.25M in diethyl ether, 50.5 ml, 12,6 mmol) in 
anhydrous THF (55 ml) following General Procedure 2. Another two equivalents Of 2- 
ethoxybenzyl magnesium chloride (92 ml, 23 mmol) are added after 30 min. Purification 
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by automated column chromatography (0-25% EtOAc/n-heptane gradient) gives 33 (3.21 
g) as a colourless oil in 86% purity as a mixture of diastefeomers. MW 397.56; 
CasHssNOa. LCMS (6 minute method): m/z 3983 [M+H] + , R T 3.42 & 3.60 min 
l~[2-(Ethy]^)phenyl]^mtahyl-2^morpholiti~2-yipentan-*2-et (34a, 34b) 




34a, 34b is obtained from 33 (3-20 mg, 8.06 mmol), a-chloroethyl cMaroformate (3.48 
ml, 32.2 mmol) and polymer-supported Hunig's base (4.53 g, 16.1 mmol) in DCM (100 
ml) following General Procedure 3. Purification by ion exchange chromatography 
followed by automated column chromatography (5-40% MeOH/ DCM gradient), and 

10 preparative LCMS (gradient) gives 34a, 34b. Chiral preparative chromatography . 
(Heptane:EtOH:DEA 60:40:0.2 gradient, chiralcel-OD) afforded the first eluting 
enantiomef 34a (13 mg) (RT 8.25 mm), and the second eluting enantiomer 34b (RT 10.17 
min) as colourless oils. MW 307.44; CigHasNO*. l H NMR (CDCb) S H 7.16-7.22 (2H ? m), 
6.84-6.93 (2H, m), 3.97-4.17 (2H S ro), 3.90 (1H, dd, 3 Hz. 11 Hz). 3.53 (1H, td, 3 Hz, 1 1 

15 Hz). 3.37 (lH, dd, 2 Hz, 10 Hz), 3.18 (1H, d, 12 Hz), 3.04 (1H, d, 14 Hz), 2.74-2.91 (4H, 
m), 1.89 (IH, septet, 6 Hz), 1.S2 (1H, dd, 5.5 Hz, 14 Hz), 1.44 (3H, t, 7 Hz), 1.1 1 (1H, dd, 
6 Hz, 14 Hz), 0.93 (3H, d, 7 Hz), 0.90 (3H, d, 7 Hz). LCMS (12 minute method): m/z 
308.2 [M-HCl+Hf , R T 4.92 min. 

20 Example 13; Preparation of 4~methvI-2-mnrpholm-:2-vl-l -f2ftrifltiornmethvn 
oxvlpheny»nentan-2-ol hydrochloride (36\ 

4-Methyl-2^[4-(phfmylmelhyl)morphoUn-2~ylh^ 
2-0l(3S) 
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Compound 35 is prepared from 6 (0.83 g, 3.19 mmol) and commercially available 
(Fluorochem) 2-trifli^Tprae&pxy benzyl magnesium bromide (0.5M solution in THF, 
7.02 ml, 3.51 mmoU l.leq) in anhydrous THF (21 ml) following General Procedure 2. 
Further equivalents (3.19 ml, 1,60 mmol) of 2-trifluoromethoxy benzyl magnesium 
5 bromide are added after 3 0 miu. Purification by ion exchange chromatography gives 35 as 
yellow oil (1 .39 & 99.5%). MW 437.51; C^oFsNOa. LCMS (6 minute method): m/z 
438.1 [M+Hf, R T 3.70 min. 

4-Me1hyl-2-morphotin-2-yl-l-{2[tr^^ 
(36) 




10 CIH 

36 is obtained from 35 (1.39 g, 3.18 mmol), a-chlorfcethyl chlorofoimate (1.37 ml, 12.7 
mmol, 4eq) t and polymer-supported Hunig's base (1.79 g, 6.36 mmol, 2eq) in DCM (25 
ml) following General Procedure 3. Purification by ion exchange chromatography 
followed by preparative LCMS (gradient) and conversion into the hydrochloride salt 

IS following General Procedure 4 gives 36 (0.16 g, 14%) as foam. MW 383.82; 

C, 7 H 24 F3N03 JHfCL l H NMR (CD 3 OD) 6 H 7.43 (lH a d, 7 Hz), 7. 16-7.27 (3H;m), 4.05 
(1H, dd, 3 Hz, 13 Hz) a 3.58-3 74 (2H, m), 3.35-3.40 (1H 9 m) t 3.23- 3.14 (1H, m), 2,97- 
3.10 (3H, m), 2.76 (1H, d, 14 Hz), 1.75 (1H, septet, 6.5 Hz), 1.42 (IH, dd, 6 Hz a 14.5 Hz), 
0.98-1.1 1 (1H, m) 0.83 (3H, d, 6 Hz), 0.81 (3H, d, 6 Hz). LCMS (12 minute method): m/z 

20 348.4 [M-HCl+H] + ,R T 3.1Smin. 

Efrgwiple Preparation of fcJLl '-Bi nhenyll -2-vl^mcthvl-2-morp holtfi-2- 
vlpentan-2-ol hydrochloride f3Sl 

2-(4-BenfyI^drphonn^2^l)*l-blphenyl^ (37^ S7b) 
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Compound 37 is prepared from 6 (2.5 g, 9.56 mmol) and 2-phenylbenzyl magnesium 
bromide (0.25M sol., 42.1 ml, 10.5 minol, 1.1 eq) in anhydrous THF (21 ml) following 

General Procedure 2. 2-Pl^ylbenzyl magnesium bromide is prepared from 

commercially available (Aldrich) 2-phenylbenzyl bromide following General Procedure 
5. Another 3 equivalents of 2-phenylbenzyl magnesium bromide are added to drive the 
reaction to completion. Purification by automated column chromatography (0-25%, 
EtOAc/n-heptane, gradient) gives 37 (2.07g, 50%) which is used in the next step without 

further purification. MW 429.61; CzsHasNO*. FIA: m/z 430 [M+Hf . 

l-[l r l'-Biphenyl]-2-yl^-meihyl-2-morphoUn-2-yl-petttati-2-ol (38a, 38b) 




Compound 38 is obtained from 37 (2.07 g, 4.81 mmol), a-chloroethyl chlaroformate 
(2.08 ml, 19.3 mmol) and polymer-supported Hunig's hase (2.7 g, 9.6 mmol) inDCM (60 

1 5 ml) following General Procedure 3. Purification by ion exchange chromatography, 

crystallization fiom MeOH/diethyL ether gives 38 as a white solid (738 mg, 45%). MW 
339.48; C^s^Oa- 'H NMR (CDC1 3 ) 5 H 7.29-7.46 (8H, m), 7-23-7.28 (1H, m), 3.79- 
3.91 (2H, m). 3.66 (ia dd, 10.9 Hz, 1.7 Hz), 3.18 (2H, dd, 12.8 Hz, 25.8 Hz), 2.84-3.04 
(3H,m),2.75 (lH,t, 11.5Hz), 1.56-1.68 (lH,m>, 1.22(lH,dd,5.6SHz, 14.7 Hz), 0.98 

20 (1H, dd, 5.65 Hz, 14.7 Hz), 0.81 (3H, d, 3.2 Hz), 0.78 (3H, d, 3.0 Hz). LCMS (12 minute 
method): m/z 340.3 JM+Hf, R T 5.62min. 
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c&tboxylaie (ebz-380, cb*38b) 

• o? 

& 

Benzyl chloroformate (0.37 ml, 2.61 mmol) is added to a stirring mixture of 38^38b (738 
5 mg, 2. 17 mmol) Willi NaHCOj (0.41 g) in a suspension of methylether and water (24 ml) 
under Na at room temperature. After Ihour the reaction is quenched with ice water {15 
ml) and diluted with DCM, The two phases are separated, the aqueous phase is further 
extracted DCM, the combined organic fractions axe dried over magnesium sulphate, 
• filtered and evaporated in vacuo. The isolated oil is purified using automated column 
10 chromatography (0-30% EtOAc/n-heptane gradient) followed by chiral preparative 

chromatography (Hemane:EtOH:DEA 35:65:0.2 gradient, ehiracel AD-H) to give the first 
etoting enantiomer, cbz-38a (RT 2.61 mm), and the second eluting enantiomer, cb^38b 
CELT 2.99 min) 9 both as a colourless oil. MW 473.62; C 30 H 55 NO 4 . LCMS (6 minute 
method): m/z 456.3 |M-H 2 CH-Hf and 496.2 [M-t-Naf ; Rr 5.34min, 
IS 2 -flJ>-Bipk e nyU-2-yi+methyl-2-morpholin-2-yIpeM^ < 3S *> 



20 




Palladium on carbon (10% weight) (0.4 g) is added to a stirring solution of cbz-38a (0.39 
g) 0.84 mmol) with ammonium formate (0.53 g, 8.4 mmol) in ethanol (10 ml) at room 
temperature under nitrogen. The heterogeneous mixture is heated to reflux for 30 minutes, 
allowed to cool to room temperature and men filtered through a Celite pan. The filtrate is 
concentrated in vacuo, purified by ion exchange chromatography and then converted to 
the hydrochloride salt following General Procedure 4 to give 38a (0.25 g, 79%) as a 
yellow solid* MW 375.94; C^NOz-HQ, 'HNMR^OD) 8 H 7.48 (lH,bsX 7.11- 
7.33 (8H, m), 3.87(1H, ba), 3.37-3.57 (2H, m), 3.25 <1H, s), 2.77-3.10 (5H, m), 1.54 (1H, 
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s, br), 1.07-1.19 (1H, m), 0.93-1.00 (1H, m), 0.72 <3H, d, 6 Hz), 0.69 (3H, d, 6 Hz). 
LCMS (12 minute method): m/z 340.2 [M+H] + , R T S.30min. 



Example 15; Preparation of 1-f4-flnQrofl-1 "-biDhenvlVa-vn-4-methvI-2-morpholln- 
5 2-vip6ntan-2M>l hydrochloride f4Qt 

W^Ftooro[lJ>4iphenyl]-2iyM-methyl-2-f4-<phew 
oi(39) 



10 



15 



20 




Compound 39 is prepared from 6 (0.95 g, 3.65 mmol) and 2-phenyl-5-fIuoro benzyl 
magnesium bromide (0.5 M solution In diethyl ether, 1 .2 eq) following General 
Procedure 2. 2-Pbenyl-5-fluO«»ben?yI magnesium bromide is obtained from 2-phenyl-5- 
fluorobenzyl bromide following General Procedure 5. Excess 2-phenyl-5-fluoro benzyl 
magnesium bromide is subsequently added at room temperature and the reaction left 
stirring for 1 hour. Purification by flash column chromatography (EtOAc/cyclohexane 50 
to 50%, gradient) gives 39 as a viscous oil (1 .31 g, 80%). MW 447.60; C&KsAFUCh, 
LCMS: (6 minute method) m/z 44S [M+HJ T , R T 3.88 min. 

l-(4-FhtoraflJ>4iphenyq-2yl)^methyl-2-morphoiin-2-^^ 
(40) 



H-a 



40 is prepared from 39(131 g, 2.92 mmol), ct-chloroethyl chloroformate (0.9 ml) and 
solid supported Hunig's base (1.64 g) in anhydrous DCM (30 ml) following General 
Procedure 3. Purification by ion exchange ion exchange chromatography gives the free 
base of 40 as a viscous oil (0.71 g, 62%). After further purification using UV-guided 
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preparative LCMS, the hydrochloride salt 40 (0.451 g, 39 %) is obtained following 
General Procedure 4. MW 393.95; ChHmFNO* HC1; 'HNMR (DMSO-dg): 9.16 (1H, 
s), 8.98 (1H, s), 7.44-7.32 (4H, m), 7.23-7.06 (4H, in), 3.83 (1H, dd, 12 Hz, 3 Hz), 3.59- 
3.50 (3H, m), 3.18 (1H, d, 12.5 Hz), 3.08 (1H, d, 12.5 Hz), 2.92-2.67 (4H, m), 1.54-1.40 
(1H, m), 1.03 (1H, dd, 14,5 Hz. 5 Hz), 0.88 (1H, dd, 14.5 Hz, 6.5 Hz), 0.74 (3H, d. 6.5 
Hz), 0.67 (3H, d,,6.5 Hz); LCMS: (12 min method) m/z 358 [M-HC1+H]*" R T 5.47 coin. 

Tem ple 16t P i' ^aratitttt of lHrvclOPentvl-2^fluOrO>2-fmeth Y W)phenYl1-l- 
innrphftlin-7-ylgthanoI hydrochloride (4 2) 
2-tycfopentyl-2-f5-jlu0r(^2^methyi0xy)phenyI]-l-l4^ 
yl]ethuaoI (41) 

Cro 



Compound 41 is obtained from 7 (0.7 g> 2.56 mraol) and 2-methoxy-S-fluorobenzyl 
magnesium bromide (5.63 ml, 2.82 mmol 1.1 eq) in anhydrous THF (15 ml) following 
General Procedure 2, Further equivalents of 2-methoxy-5-fluorobenzyl magnesium 
bromide (8.49 ml, 4.25 mmol) are added. Purification by ion exchange chromatography 
gives 41 as a yellow oil (843 mg, 62% purity). MW 413.54; C25H32FNO3. LCMS (6 
minute method): m/z 414.2 [M+Hf@ R T 4.11 min. 
l~C$clopentyl>24S»fluur0"2^methyhR<y)phenyII-t^^ 
hydrochloride (42) 



CIH 



The free base of 42 is obtained from 41 (0.84 g, 2.04 mmol), a-chloroethyl 
chlorofonnate (0.88 ml, 8.16 mmol, 4eq) and polymer-supported Hunig's base (1.15 & 
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4,08 mmol, 2e<l) in DCM (15 ml) following General Procedure 3. Purification by ion 
exchange chromatography, followed by automated chromatography (5-20% DCMTMeOH 
gradient) and preparative LCMS and conversion into the hydrochloride salt following 
General Procedure 4 fiives 42 as a colourless gum (0,18 g, 14.1%). MW 359.82; 
5 C18H26FNO3JHC]. ] H NMR (CD 3 OD) 7.11-7-14 (1H> m), 6,95-6.97 (2H, m), 4.07-445 
(JH, m), 3.67-375 <2H, m), 3.43 (1H, d, 12 Hz), 3,23 (3H, s), 3.22 (1H, d, 12 Hz), 2.92- 
3.10 (4H, m), 2.13-2.19 (1H, m), 1.42-1.73 (8H, ra). LCMS (12 minute method): mfz 
324. 1 [M-HCl+Hf . RT 4.83mio. 



10 Example 17; Preparation of l-cyclopentyl-2-[ 2- (ethvltt^ ph gnvn-l-moiiDholin>-2- 
vlethanol hydrochloride (44) 



o 

M 




Compound 43 is obtained from 7 (2.09 g, 7.68 mmol) and 2-etfiyloxy benzyl magnesium 
1 5 bromide (available from Rejke Metals) (0.25 M solution in diethyl ether, 1 . 1 eq) 
following General Procedure 2. Purification by preparative LCMS followed by 
preparative LCMS gives 43 as viscous oil (0.691 g, 22 %). MW 409.57; C2<sH 35 N0 3 ; 
LCMS: (6 min method) m/z 410 [M+H]"\ Rt 3.8mm. 

l~€^dppmtyl-H2^eihyia^)pheay!J-l-morpholin-2-y2e^anol hydrochloride (44) 

20 H cim 

The free base of 44 is obtained from 43 (0.691 g, 1 .69 mmol), a-chloroethyl 
cbloroformate (0,80 ml) and solid supported Hitaig' s base (0.95 g) in anhydrous DCM 
following General Procedure 3. Purification by ion exchange and conversion into its 
hyd^chloride Salt following General Procedure 4 gives 44 (0.39 & 65%) MW 355.91; 




I (Ml -03 
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Cs&aNOOICl; »H NMR (CDaOD): 7.12-7.22 (2H, m), 6.82-6.88 (2H, m), 4.09-4,16 
(3H, m). 3,69-3.80 (2H, m), 2.80-3 ? 29 (6H, m), 2.04-2.10 (1H, in), 1.53-1,73 (1 1H, m); 
LCMS: (12 ram method) m/z 320 [M-HC1+H] + , Rt 5.03 mm. 

inmate 13: PrgEajatioiLgOdE^^ 
m e th Y 1)oxvt ffoenyl} ethanol hydrochloride (46) 

ytjethanol (45) 

0„ 



Compound 45 is obtained from 7 (0.6 g, 2.19 mmol) and commercially available 
(Fluotochem) 2-trifluoromemoxy-beiizyl magnesium bromide (0.5M sol in diethylether, 
4.8 ml, 2.41, mmol, 1.1 eq) in anhydrous THF (15 ml) following General Procedure 2. 
After addition of another 2 equivalents of 2^tri£Iuoromethoxy-benzyl magnesium bromide 
and stirring for 2 hours at 0°C purification by ion exchange chromatography gives 45 
(0.89ft 90%). MW 449.52; CasHaoFsNOa. LCMS (6 minute method): rate 450.2 [M+Hf , 
R T 4.084 min. 

hydrochloride (46) 




an 



The free base of 46 is obtained from 45 (886 mg, 1 .97 mmol), a-chloroethyl 
chloroformate (0.85 ml, 7.9 mmol, 4eq) and polymer-supported Hunig's base (1.11 ft 
3.94 mmol, 2eq) in DCM (15 ml) following General Procedure 3. Purification by ion 
exchange chromatography followed by preparative LCMS (gradient) and conversion to its 
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hydrochloride salt following General Procedure 4 gives 46 as a gum (140 mg, 20%). 
MW 359.36; C^HmFiNQsJICI. 'H NMR (CD 3 OD) S H 7.48-7.50 (1H, m), 7.14-7.25 (3H, 
in), 3.97 (1H, dd, 23 Hz, 123 Hz), 3.60-3.68 (2H, m), 3.27-3.31 (1H, m), 3.03 <2H, AB, 
12.5 Hz), 2.73-2.97 (3H, m), 2.00-2.1 1 (1H, m), 1.30-1.63 (SH, m). LCMS (12 minute 
5 method): m/z 360.14 [M-HC1+H] + ,R T 5.14 min. 

Example IP; Preparation of ^-n.r-biTJhenvlI^-vl - l-cvcIopenlyl-l-momlinKn^- 
vtethanol hydrochloride (4S\ 

10 (470,47b) 




Compound 47 is prepared from 7(1.27 g, 4.65 mmol) and 2-phenyIbenzyl magnesium 
bromide (0.25 M solution in diethyl ether, 1.1 eq) following General Procedure 2. 2- 
Phenylbenzyl magnesium bromide is prepared from commercially available (Aldrich) 2- 
1 5 phenylbenzyl bromide following General Procedure J. Purification by flash column 

chromatography (eluent: cyctohe*ane/ethyl acetate/ 90/10 [v/v]) gives 47a,47b as viscous 
oil (1.75 g). 47a,47b is taken onto the next step without fhrther purification. MW 441 .62; 
C30H35NQ3. LCMS: (6 min method) m/z 442 LM+Hf, R T 3.51 min. 
2^/1, J '^fahenyU"2~yM^ctopenfyl-l-m6rpholm-2iylethtmol hydrochloride (480,48b) 




20 h oh 

The free base of 48a, 48b is prepared from 47a, 47b (1.75 g, 3.95 mmol), solid supported 
Hunig's base (2.22 g) and a-chloroethyl chloroformate (1.62 ml) in anhydrous DCM (30 
ml) following General Procedure 3. Purification by ion exchange chromatography 
followed by flash column chromatography (eluent: metbanol/DCM 1/99 to 20/80 
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gradient) gives the free base as a viscous oil (805 mg, 58 %) which is convened into 48a, 
48b following QenervlPrvcedurB 4. MW 387.95; CzaH^Qz-HC]; l H NMR (CD,OD): 
7.66-7.40 (1H, m) 7.19-7.47 (8H, m), 3.92 (1H, dd. 13 Hz, 3.5 Hz), 3.59-3.67 (2H, m), 
3.05-3.16 (4H, m), 2.93 (1H, td, 13 Hz, 3.5 Hz,), 2.59 (IH, t, 12 Hz). 1.98-1.88 (1H, m), 
5 1.55-1.19 (8H, m). LCMS: (12 min method) m/z 351 [M-HC1+HJ 1 ", R T 5.68 min. 

Pim ple 20; Pr ff r arari "" «f l-cvclonentvI-l-^flnorofl^^iphenytt^-vD-^ 
tv^»Y>hrtlhi r 2-vlet i»ftnrtl hydrochloride f50) 

1 0 yiethanol hydrochloride (49) 



Compound 49 is obtained from 7 (0.9 g, 3.29 mmol) and 2-phenyl-5-uuorobenzyl 
magnesium bromide (0.5M solution in THF, 7.24 ml, 3 .62 mmol) in anhydrous THF (20 
ml) following General Procedure 2. 2-Phenvl-5-fluorohenzyl magnesium bromide is 

15 prepared from 2-pbenyl-5-fluotobenzyl bromide following General Procedure J. Further 
2-phenyl-5-fluorobenzyl magnesium bromide is added after 30 min (0 Jeq, 2 ml, 0.99 
totoOD. Purification by ion exchange chromatography followed by automated column 
chromatography (0-20% EtOAc/n-heptane gradient, 40 g) gives 49 (1.26 g, 83%) as a 
colourless liquid. MW 459.61; CjoH^FNCfc. LCMS (6 minute method): m/z 460.5 

20 [M+Hf, R T 3.98min. 

(SO) 

The free base of 50 is obtained from 49 (1.26 mg, 2.73 mmol), a-chloroethyl 
25 cbloroformftte (1.18 ml 10.9 mmol) and polymer-supported Hunig'sbase (1.54 g, 5.47 
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mmol) in DCM (25 ml) following General Procedure 3. Purification by ion exchange 
chromatography followed by automated column chromatography (0-20% Me OH/ DCM 
gradient) and conversion to its hydrochloride salt gives 50 as a yellow solid (0.23 g, 
23%). MW 405.94; CajHaFNO^HCL 1 HNMR (CD3OD) 5 H 7.20-7.37 (6H, m), 7.08- 
5 7.13 (1H, m), 6.91 (IH, td, 3.5 Hz, 8.5 Hz), 3.80 (1H, dd, 3.5 Hz, 13.0 Hz), 3.42-3.54 
(2H, m), 2.99-3.06 (2H, m), 2.93 (2H, s), 2.83 (1H, td, 4.0 Hz, 12.5 Hz), 2.53 (1H, t, 12.0 
Hz), 1.73-1 .85 (IH, ml 1.12-1.44 (8H, m). LCMS (12 minute method): m/z 370.2 [M- 
HC!+:HF,R T 5.46irrin. 

10 Example 2%; Pre paration of 2 - r 5-nnoro-2-methyloxy roheny q-l-mor p^nKn-2-Yt-t- 

2-f5-Fluoro-2^methyliKcy)phenyQ-l-f4^henylmethy!)morpho^ 
2H-pyran-4-ylethanol (51) 



1 5 Compound 51 is obtained from 8 (0.6 g, 2.07 mmol) and 2-methoxy-S-fiuorobenzyl 
magnesium bromide (4.6 ml, 2.28 mmol, I.leq) in anhydrous THF (15 ml) following 
General Procedure 2. Further equivalents of 2-memoxy-5-fluoxobenzyl magnesium 
bromide (8.28 ml, 4.14 mmol) are added and the mixture is warmed to room temperature 
and left stirring over night. Purification by ion exchange chromatography followed by 

10 automated chromatography (10-70% a-heptane/EtOAc gradient) gives 51 as a colourless 
oil (375 mg, 42%). MW 429.54, CasHjjFNO* LCMS (6 minute method): m/z 430.2 
[M+HJ*", Rt 3.12 min. 




10-11-03 18:20 Frca-PATENTS ELI LILLY 



01270403308 



T-0B1 P.B4/BU t~*w> 



-62- 



10 



15 



20 



hydrochloride (52) 




The free -base of 52 is obtained from 51 (0.31 g, 0.73 mmol), oc-chloroethyl 
chlorofoimate (0.31 ml, 2.9 mmol) and polymer-supported Hiinig's base (0.41 g, 1.45 
mmbl) in DCM (7 ml) following General Procedure 3. Purification by ion exchange 
chromatography and conversion to the hydiOChloride salt following General Procedure 4 
gives 52 as a white solid (0.19 g, 77%). MW 375.82; C, 8 H 26 FN0 4 MCI l H NMR 
(CD3OD) 5 H 6.98-7.01 (1H, m), 6.83-6.86 (2H, m), 3.99 (lH,dd, 3.5 Hz, 13 Hz), 3.82- 
3.87 (2H, m), 3.63-3.73 (5H, m), 3.12-3.33 (4H, m), 2.91-3.02 (2H, m), 2.81 (2H, AB, 14 
Hz), 1.31-1.73 (5H,m). LCMS (12 minute method): m/z 340.2 [M-HC1+H]",Rt3.78 



min. 



Wim ple 22: EpgiaggfiBB of l- mor p ho U n-2-Yl -1-te^Yd^2ITrPyran-4,vl-2-{2- 
[(trifmoyom^hyl)oxvl pb»»Yl}ethattol hydrochloride (54) 

l-l4^henyhnethyl)mQrpholm4-yl!+l^ahydro-2Hw 
[(trifluoromethyl)oxyJphenyl)ethanol (53) 




Compound 53 is obtained from 8 (0.61 g, 2.11 mmol) and commercially available 
(Fluorochera) 2-trifluororaethoxy benzyl magnesium bromide (4.6 ml, 2.32 mmol, l.leq) 
in anhydrous THF (15 ml) fallowing General Procedure 2. A further half equivalent of 2- 
trifluorometboxy benzyl magnesium bromide (4.22 ml, 2.1 1 mmol) is added. Purification 
by ion exchange chromatography gives 53 as an ofl of 88% purity (1 .39 g isolated 
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material) which is directly used in the next step. MW 465.52; CzsHifaNO*. LCMS (6 
minute method): m!z 466.2 [M+HT, R T 3.67 min. 

phenyljethanol hydrochloride (54) 




The free base of 54 is obtained from 53 (0.27 g, 0.57 mmol), a-chloraethyi 
chloroformste (0.25 ml, 2.30 mmol, 4eq) and polymer-supported Hunig's base (0.32 g, 
1.15 mmol, 2eq) in DCM (5 ml) following General Procedure J. Purification by ion 
exchange chromatography followed by preparative LCMS (gradient) and conversion to 
10 the hydrochloride salt following General Procedure 4 gives 54 as white solid ($2 mg, 
17%). MW 41 1.85; C 18 H 24 F3N<VHC1, 'HNMR (CD 3 OD) 8 H 7.45-7.48 (lH,m), 7.16- 
7,27 <3H, ro), 3.98 (1H, dd, 4.0 Hz, 13 Hz), 3.65-3.88 (4H, m), 3.12-3.31 (4H, m), 2.87- 
3.01 (4H, m), 1.30-1.68 (5H, m). LCMS (12 minute method): m/z 376.1 [M+Hf, R T 4.28 



nun. 



EaBjgBle 23: Preparatio n of 2- ri.l , - hiD henvn-2-vt-1.mo rn ]h 0 liii-l-v| f .i-tetrahvdrn- 
2g-Pvran-4-vleth aao l hvrf^ d Moridfe «<n 

yUthmol (55) 




o 1 

Compound 55 is prepared from 8 (0.56 g, 1.94 mmol) and 2-phenyl benzyl magnesium 
twomide solution (0.25 M solution in diethyl ether, 9.31 ml, 2,33 mmol, 1.2 eq) following 
General Prp a0 dure .?. 2-Phenylbenzyl magnesium bromide is prepared from 
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commercially available (Aldrich) 2^phenylbenzyl "bromide following General Procedure 
5. Further 2-phenyl benzyl magnesium bromide solution (1 ml) is added and the reaction 
left under stirring overnight. Purification by ion exchange chromatography gives 55 as at 
off-white foam-like solid (0.37 g, 68 %). MW 457.62; CsoBssNOi- LCMS: (6 min 
5 method) m/z 458 [M+H]\ R T 3,58 min. 

hydrochloride (56) 




The free base of 56 is obtained from 55 (0.588 g, 1 .28 mmol), solid supported Hunig's 
10 base (0.72 g) and a-chloroethyl chlorofoimate (0.53 ml) in anhydrous DCM (20 ml) 

following General Procedure 3. Purification by ion exchange chromatography gives me 
free base of 56 as viscous oil (0.483 g), contaminated with a small amount of the N- 
protected compound 55. The residue is treated with an excess of reagents (1 eq), solid 
supported Hfinig's base (0.36 g) and oc-cMoroethyl chloroformate (0.26 ml) in anhydrous 
15 DCM (20 ml) and methanol (20 ml) and purified by ion exchange chromatography to give 
the free base of 56 (0.432 g). Purification by preparative LCMS followed by conversion 
to its hydrochloride salt following General Procedure 4 gives 56 (0.280 g, 54 %). MW 
403.95; CaaH^Qs-HCU l H NMR (CD 3 OD): 7.45-7.59 (1H, m), 7.10-7.35 (8H, m), 3.85 
(1H, dd, 13 Hz, 3.5 Hz), 3.75 (1H, dd, 11.5 Hz, 3.5 Hz), 3.51-3.59 (3H, m), 2.83-3.12 
20 (7H,m),2.64(lH,t, 12Hz), 1.36-1.52 (2H.m), 1.02-1.21 (2H, m), 0.90-0.94 (1H, ro>; 
LCMS: (12 min method) m/z 368 [M-HC1 -tifff, Rt 4.6 min. 
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Exa mple 24; Preparation of 2^3'-FlaorQ4jiphenyI-2-ylVl-^^ 
f tctrahvdr6»pyran*4-vR"e<hftrtOl (581 

2-Brom0~l«[4«(phenyhnethyl) tnWpholin-2-yl]'l-(Uirah^dr^pyr^^yl)'^hanol 



Commercially available (Aldrich) 2-bromobeozyl magnesium bromide (0.25M sol in 
diethylefher ? 48.9 ml, 12.18 mmol, 2,6 eq) is added in three portions over 90 minutes to a 
solution of 8 (1.35 g, 4.7 mmol) in dry THF (30 ml) at 0°C. After quenching with ice 
water, saturated ammonium chloride solution is added and the aqueous phase washed 
with EtOAc. The combined organic phases are washed with brme and water, dried over 
magnesium sulphate and solvents removed in vacuo. Purification by ion exchange 
chromatography followed by purification using automated Column chromatography (1 G~ 
50% a EtOAc/n-heptane gradient) gives 2-bromo- 1 -[4-(phenylmethyl) morphoIin-2-yl]- 1 - 
(tet^ydro-p>^^yl>ethanol (0.55 g, 26%). MW 460.42; C24H30BrNO3. LCMS (6 
minute method): m/z 462.4 [M+H]+, RT3.11 min. 

2*(3 f *FIu&ro-&iphenyI-2-yI)~l-[4-(phenylmethyl) m&tpholm-2-yl]~l»(tetrahydr0-pyran- 
4-yl)-ethanol (57) 



To a suspension of Pd(OAc)2 (2,44 mg, 0.01 1 mmol, 0.02 eq) in acetonririle (1 .5 ml) is 
added triphenyi phosphine (1 1 .4 m& 0.043 mmol, 0.08 eq) under nitrogen at room 
temperature leading to the formation of a white precipitate. Addition of water (0.5 ml), 3- 
fluoro-pbenyl boronic acid (91.2 mg, 0.65 mmol, 1.2 eq) and 2-bromo-l-[4- 
Cphenylmethyl) morphoIm-2-yl]-Hte^ (0J25 m& 0,54 mmol) 

gives a dark grey solution after 10-20 minutes which is heated up to reflux and left 
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stirring at reflux overnight Further 3-fluaro~phenyl borouic acid (70 mg, 0.55 mmol, 1 
eq) and Pd(QAc)2 (2-3 mg) is added and the mixture left stirring at reflux for another 24 
hours. Purification by ion exchange chromatography gives 57 (0.21 g, 83%) MW 475.61; 
C30H34FNO3. LCMS (6 minute method): m/z 476.4 [M+H]+, RT.3.41min. 
2-(3'-Fluoro^iphenyl-2-yl)-l-morpholUi-2-yWtettahy 




Compound 58 is obtained from 57 (0.213 g, 0.45 mmol), solid supported Hunlg's base 
(0.25 g, 7.12 mrooL 4 eq) and a-cbloroethyl chloroformate (0.19 ml, 1 .79 mmol, 4 eq) in 
arfiydrous DCM (7 ml) following General Procedure 3. Purification by ion exchange 

10 chromatography gives the free base of 58 as a white foam (125 mg) which is further 
purified by preparative liquid chromatography. Conversion to its hydrochloride salt 
followiug General Procedure 4 gives 58 as a yellow gum (96.5 g, 56 %). MW 42 1 .94; 
CaaHasFNO^HCl. hydrochloride salt; 'H NMR (CDjOD): 7.60-7.45 (1H, m), 6.90-7.45 
(6H, m), 3.55-3.95 (5H, m), 2.85-3.30 (10H, m), 2.64 (1H, t, 12.0 Hz), 0.95-1.45 (5H, m); 

1 5 LCMS: (12 rain method) ra/z 386 IM-hydrochloride salr+Hf , Rt 4.64 min. 

Exam ple I*-- Preparation of 5.5. S -hHfl°or».l^iv.fluOrO-2-inethoxY-phenYn-2- 
rnnyph^Hn-a-vl-pgiHan-a-ol (6&1 

5 lSr 5-TrWHoro-l-fS-J!uoro-2Jmethy!«xy)phenyU-2-f4^ 
20 yl]pentan-2~0l (59) 

Compound 59 is obtained from 9 (0.7 g, 2.32 mmol) and 2-memoxy-5-fluorobenzyl 
magnesium bromide (5.1 1 ml. 235 mmol, 1 .leq) m dry THF (15 ml) following General 
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Procedure 2. Purification by ion exchange chromatography gives 59 as an oil of 80% 
purity which is directly used in the next step (0.9 g recovered material). MW 441 .47; 
C23H27F4NO4. LCMS (6 minute method): ra/z 442.4 [M+KTT, R t 3.36 mkt 

S,5r5-Trifhtaro-l-[5-ftuorch-2^methylaxy)phenyI^^^ 
5 hydrochloride (60) 



The free base of 60 is obtained from 59 (0.9 g, 2*04 mmol), a-chloroethyl chloroformate 
(0,88 mU 8,15 wraol, 4cq) and polywer-supported Hunig's base (1.15 g, 4,08 mmol, 2eq) 
in DCM (2S ml) following General Procedure 3. Purification by ion exchange 

1 0 chromatography followed by preparative LCMS and conversion to the hydrochloride salt 
following General Procedure 4 gives 60 as a yellow solid (0.133 g, 17%). MW 387.80; 
C ljS H2iF4N0 3 JICL l H NMR (CD3OD) S H 6.93-6.96 (IH> m), 6.86-6.87 (2H, m), 4.09- 
4.13 (lH,m), 3.68-3.75 (4H, m), 3.42-3.47 (1H 3 m), 3.34-3.40 (lH,m), 3.16-3.25 (1H, 
m), 3.03-3.1 1 (2H, m), 2.83 (2H, AB, 14 Hz), 2,12-2.29 (2H, m), I.S8-1 .68 (1H, m) 9 

15 1.29-1 .39 (1H, m). LCMS (12 minute method): m/z 352.1 [M+Hf, R T 4.54 and 4.66 



Example 26: Preparation of 5,5^trffluor<H2-morpholin-2-vI^1^2-trifluorQmethoxv- 

20 5>5,5-TriJluoto~2-[4-(phenylm4thyl)MO^ 
phenyl}pentan-2-ol (61) 




2min. 




[0pj^5Qa:pjQ^NQ^Q31:05^5i 



► o 
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Corapcmnd 61 is obtained from 9 (0.7 g, 2.32 mmol) and commercially available 
(FTuorochem) 2-triflUOrOmethoxy benzyl magnesium bromide (5.12 ml, 2.56 mmol, 
Ueq) in dry THF (IS ml) following General Procedure 2. Purification by ion exchange 
chromatography followed by automated column chromatography (0-50% n- 
heptane/EtOAc gradient) gives 61 as an oil (0.27 g, 25%). MW 477.45; QaHssF^NOg. 
LCMS (6 minute method): m/z 478.4 JM+HT, Rr 3.63 min. 
S>S % S-TriSlMT^MrptoUn-Z-ylrl^-4rifa 
hydrochloride (62) 




10 The free base of 62 is obtained from 61 (0.25 g, 0.53 mmol), a-chloroethyl 

chloroformate (0,23 ml, 2.12 mmol, 4eq) and polymer-suppbrted HSnig's base (0.30 g, 
1.06 mmol, 2eq) in DCM (5 ml) following General Procedure 3. Purification by ion 
exchange chromatography followed by preparative LCMS and conversion to its 
hydrochloride salt gives 62 as a yellow solid (0.051 g, 23%). MW 423.78; 

15 CifiHiiJPeNOaJrlCl. l H NMR (CD 3 OD) 5 H 7.40-7.42 (1H, m), 7.19-7.30 (3H, m), 4.09- 
4.13 (IH, m), 3.71- 3,78 (1H, m), 3.50-3.53 (lH,m), 3.36-3.40 (1H, m), 3.08-3.22 (3H, 
m). 2.89 (2H. AB, 14 H2), 2.09-2.17 (2H, m), 1.65-1,75 (1H, m), 1.30-1.40 (1H, m). 
LCMS (12 mimite method): m/z 388.1 [M+H] + , R T 4.99 mm. 



IU-M-U3 
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Example 37: Preparation of 1-fiaMrf phenvf j-2-vl-g^^t^ 
ytoentan^Ql hydrochloride (641 

(63) 




Compound 63 is obtained to 9 (0.7 g, 2.32 imnol) and 2-pheaylbenzyl magnesium 
bromide (10.2 ml, 2.55 mmol, Lleq) in dry THF (15 ml) following General Procedure 2. 
2-Phenylbenzyl magnesium bromide is prepared from commercially available (Aldrich) 
2-phenylbenzyl bromide following General Procedure 5. Purification by ion exchange 
10 chromatography followed by ISCO automated cotomu chromatography (0-30% c- 
Hexane/EtOAc gradient) gives 63 as an oil (604mg, 60% purity). MW 469.55; 
C 28 H3oF3N0 2 . LCMS (6 minute method); m/z 470,4 |>f+H] + , Rt 3,77 rain. 
i-iU '-BiphenylJ-2-yl-S, 5,5^iftuori^2-morphonn-2-ylpentan-2-ol hydrochloride (64) 




1 5 The free base of 64 is obtained fiom 63 (0.6 g, 1 .29 mmol), a-chloroethyl chloroformate 
(0.56 ml, 5,15 mmol, 4eq) and polymer-supported Hunig's base (0.72 g, 2.5S mmol, 2eq) 
in DCM (12 ml) following General Procedure 3. Purification by ion exchange followed 
by preparative LCMS and conveision to the hydrochloride salt following Genera/ 
Procedure 4 gives 64 as a yellow solid (0.16 g, 30%). MW 415.89; ^H^NCfe. HQ. 

20 l H NMR (CD 3 OD) 6 H 7,43-7,46 (1H> m), 7.18-7.35 (7H, m), 740-7,33 (IH, m), 3,90-* 
3.95 (1H, m), 3.57-3.65 (1H, m), 334-3.38 (1H, m), 2.92 (2H, AB, 14.5 Hz), 2.88-3.13 
(4H, m), L59-1.8S (2H, m), 1.15-1.39 (2H, m). LCMS (12 minute method): m/z 380.1 
CM+JHrT T R T 5.22 min. 



|00 85502^13^WdvrQ3i Q51Sg 
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F-Tum pte 28t re paration of (Lfi.6-trfflaOi- ^l-r^flaOrtH?-fmPthYl<>^)plieiVYn-2.= 

6,6,&Trfflu0ro-l-fS-JUioro-2^methylow)phenyU^ 
ylJhexan-2-ol (65) 




' Compound 65 is obtained from 10 (0.6 g, 1.90 mmoi) and 2-methoxy-5-auorobenzyl 
nxagnesi^ bromide (4.2 ml, 2.09 mmol, 1.1 eq) in anhydrous THF (IS ml) foUowing 
G^eraJ Prepare 2 (further 2-meth 0 xy-5-fmoroberizyl magnesium bromide is added 
10 (3.8 ml, 1.90 mraol)). Purification by ion exchange chromatography gives 65 in 87% 
, pwity ^ an Oil which is directly used in the next step (0/7 g of recovered material)- MW 
401.53; C24H32FN03. LCMS (6 rnhmte method) m/z 456.2 [M+Hf , R T 3.5 Strain. 

hydrochloride (66) 




The free base of 66 is obtained ftom 65 (0.7 g, 133 mmol), a-chloroethyl chtomformate 
(0.66 ml. 6. 1 mmol, 4eq) and polymer-supported Hunig's base (0.86 g, 3.05 mmol, 2eq) 
in DCM (13 ml) following General Procedure 3. Purification by ion exchange 
chromatography followed by automated column chromatography (0-20%MeOH/ DCM 
gradient) and conversion to the hydrochloride salt gives 66 (0.19 g, 40%) as a white solid. 
MW 401.83; CnH.3F4NO3.Ha. > H NMR (CD3OD) 5h 7.04-7.08 (1H. m), 6.95-6.97 (2H, 
m) 4.21 (1H, dd, 3.0 Hz, 13.0 Hz), 3.78- 3.87 (4H, m), 3.63 (1H, dd, 2.0 Hz, 1 1.0 Hz), 
3 45-3.49 (IH, m), 3.27-3.33 (1H, m), 3.12-3.21 (2H, m), 2.97 (2H, AB, 14.0 Hz), 1^7- 
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2.13 (2Hjn), 1-61- 1.76(2K,mX 1.48-1.58 (lH,m), 1.17-131 (lH,m). LCMS (12 
minute method): m/z 366, 1 [M-HQ+H]\ R T 4.72 win. 

Example 29: Preparation of l» ri.l^bitthfenvll^vl^.iS.6»trifliiorQ-2-morDholm-2- 
5 vnhe3canwg« ol hydrochloride 1 6ff> 

(67) 




Compound 67 is prepared from 10 (0.853 g, 2.71 mmol) and 2-phenyl benzyl magncshrc 
1 0 bromide (0.25 M solution in diethyl ether, 1.2 eq) following General Procedure 2. 2- 

Phenylbenzyl magnesium bromide is prepared from commercially available (Aldrich) 2- 
phenylbenzyl bromide following General Procedure 5. Further 2-phenyl benzyl 
magnesium bromide is added later (19.2 ml, 4.8 mmol). Purification by flash column 
chromatography (eluent: EtOAc/cyclohexane 20/80 to 40/60 gradient), followed by ion 
1 5 exchange chromatography gives 67 as a viscous oil (369 m& 28 %). MW 483.58; 
C29H32NO2FJ. LCMS: (6 min method) m/z 484 [M+H] + , R T 4.26 min. 




The free base of 68 is obtained ftom 10 (0.369 g, 0.76 mmol), solid supported Hunig's 
20 base (0.43 g) and a-chloroethyl chloroformate (0.32 ml) in anhydrous DCM (1 0 ml) 

following General Procedure 3. Purification by ion exchange chromatography gives the 
fiee base of 68 as a viscous oil (0. 143 g, 48 %) which is converted into the hydrochloride 
salt 68 following General Procedure 4. MW 429.91; C22H27NO2F3CI; 'H NMR 



» o 
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(CD3OD): 7.44-7.47 (IH, m), 7.16-7.35 (7H, m), 7.08-7.11 (1H, m), 3.94 (1H, dd, 12.5 
Hz, 3.5 Hi,), 3.57 (lft t, 12,5 Hz), 3.34-3.38 (1H, m), 2.80-3.1 1 (6H, m), 1.65-3.90 (2H, 
m), 1.02-1.24 (4H,m).LCMS: (32 min method) mix 394 [M-HCl+Hf , Rl 5.42 min. 

5 Sam ple 30: Preparation of f -CvcIn prDPvl-2-r-2-rmethylpXY)phgnYfl-l-inorpholln..2. , 
vlethanol hv Jw>chtoride f7Ql 

l-Cyc1opropyl-2-[2-(methyloxy)phenyl]-l-[4^hettylmethyl)mo^ 
(69) 



10 



15 



20 




Compound 69 is obtained from 77 (0.5 g, 2.04 mmol) and 2-memoxybenzyl magnesium 
bromide (available from Reike Metals) (0.25M solution in THF, 9.0 ml, 2.24 mmol, 1 .1 
eq.) in anhydrous THF (11 ml) following General Procedure L Further 2-methoxybenzyl 
magnesium bromide (0.25M solution in THF, 4.08 ml, 1.04 mmol, 0.5 eq.) is added after 
10 minutes. Purification by ion exchange chromatography gives 69 in >90% purity which 
is directly used in me next step (0.706g, 94%). MW 367.49, CajHaiNCfe MCI. LCMS (6 
minute method): m/z 368 [M+Hf, R T 2.S2 min. 

l-Cyclopropyl-2-[-2-(meihyI&&)phenyl]-l-motpholin^ hydrochloride (70) 




25 



The free base of 70 is obtained from 69 (0.706 g, 1.92 mmol), a-«hloroemyI 
chloroformate (0.83 ml, 7.69 mmol, 4 eq) and polymer-supported Httnig's base (1.08 g, 
3.85 mmol, 2 eq) in DCM (25 ml) following General Procedure 3. Purification by ion 
exchange ion exchange chromatography followed by antaomated column chromatography 
(DCM/MeOH, 10-50% gradient) gives the free base of 70 (0.29g, 55%). A sample (0.06 
g, 0.22 mmol) is converted into the hydrochloride salt 70 following General Procedure 4 
(0.063 g, 99%). MW 313.83; CieHaaNOiHa. 'H NMR (CD3OD) 6* 6.95-7.15 (2H, m), 
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6.60-6.85 (2H, m), 3.95 (1H, dd, 2Hz, 10 Hss), 3.55-3.7 (2H, m), 3.15-3.4 (2H,m), 3.05 
(3H, sX 2.7-3.95 (5H, m), 0.4-0.55 (1H, m), 0.15-0.3 (1H, m), -0.1-0.1 (3H, m). LCMS 
(12 minute method): m/z 278.1 [M+-H] + , R T 3.81 min. 

5 Example 31t Preparation df l-Cvclo P rO P vl-2-f-2-fathvI a xv ^ P henvll-l-morpl.nH^- 
vlcthanol hydrochloride em 

(71) 




1 0 Compound 71 is obtained from 77 (0.36 g, 1 .47 mmol) and 2-ethoaybenzyl magnesium 
. bromide (available from Re&e Metals) (0.25M solution in THF, 6.47 ml, 1.61 mmol, 1. 1 u 
eq) in anhydrous THF (8 ml) following General Procedure 1. Further 2-ethoxybenzyi 
magnesium bromide (0.25M solution in THF, 3,23 ml, 0.8 mmol, 0.5 eq.) is added after 
30 minutes. Purification by ion exchange chromatography (0-40% EtOAc/n-heptane 

1 5 gradient) gives 71. MW 382.52, C24H31NG3 .HCL LCMS (6 minute method): m/z 3 82.4 
[M+Hf, R t 2.83 min. 

l-Cyclopropyl-2-{-2-(cthyU>xy)phenylJ-l-morpholin-2-ylethanol hydrochloride (72) 




The free base of 72 is obtained from 71 (0.62 g, 1.62 mmol), a-chloroethyl 
20 cMoroformate (0.93 g» 0.7 ml, 6,49 mmol, 4 eq.) and polymer-supported Hfinig's base 
(0.91 g, 3.24 mmol, 2 eq) in DCM (20 ml) following General Procedure 3. Purification 
by ion exchange chromatography followed by automated cohrara chromatography 
(DCMZMeOH, 10-50% gradient) gives the free base of 72 as an oil (0.32 g, 68%) in 89% 
purity. Conversion into flje hydrochloride salt following General Procedure 4 gives 72. 
25 MW 327.85; C^HaNCfe JHC1. »H NMR (CD 3 OD) 6h 6.9-7.05 (2H. m), 6.60-6.8 (2H, mX 



ID0855Q2^rO-5Nw^03r05,i35r 
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4.05 (1H, dd, 2Hz, 10 Hz), 3.7-3.85 (2H. m% 3.6 (1H, dt, 2 Hz . 7 Hz), 3.15-3.45 (2H, m), 
2.8-2.95 (SH.m), 1.15 (3H, t, 7 Hz), 0.4-0.55 (lH,m), 0.15-03 (lH,m), -0.1-0.1 <3H, 
m). LCMS (12 minute method): m/z 292.1 EM+H]\ Rt4.44 min. 

5 T7v nm r l e ^= EjcsBgSjitjga nf 2-tl.r-Mi>henYl1-2-YV1-cYCloprftPYH,-"i or P^"a^ 
ylArtiannl hydrochloride (74V 



10 



15 




Compound 73 is obtained from 77 (0.7 & 2.86 mmol) and 2-phmylbenzyL magnesium 
bromide (0.25M solution in THF, 12.58 ml, 3.15 nnnol, 1.1 eq)in aiihydrous THF (15 
ml) followmg^enera/ Procedure 1. 2-Phenylbenzyl magnesium bromide is prepared 
from commercially available (Aldricb) 2-phenylbenzyl bromide following General 
Procedure 5. Further 2-phenylbenzyl magnesium bromide (0.25M solution in THF, 6.3 
ml, 1.65 mmol, 0.5 eq,) is added after 30 minutes. Purification by ion exchange 
chromatograpny gives 73 as a gum (1 .07 g, 91%). MW 413.56, C 28 H3iN0 1 .HCl. LCMS 
(6 minute method): m/z 414.4 [M+Hf, R T 3.1 1 min. 

^ipheuylh2-jl-l^clopropyl-l-motphoU^ylethanol (74) 




The free base of 74 is obtained from 73 (1.06 g, 2.57 mmol), a-chloroethyl 
20 chloro£brmate(l.ll ml, 10.3 mmol, 4 eq) and polymer-supported Hunig's base (1 .44 g, 
5.13 mmol, 2 eq) in DCM (30 ml) following General Procedure 3. Purification by ion 
exchange chromatography followed by automated column chromatography gives the free 
base of 74 (0.S4 g. 65%) which is converted into the hydrochloride salt 74 following 
General Procedure 4. MW 323.44; CaiHzsNO*. LCMS (12 minute method): m/z 324.2 
25 [M+H] + ,Rt 4.96 min. 
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ol hydrochloride (79). 




Add a solution of 44 > en Z yl-inoiphoLbie-2-e a xboxyUc acid ethyl ester (1.12 * 4.49 mmol) 
in tetrahydrofuran (5 ml) to a stirred solution of 2-methoxybeo?ylm8guesium cWoride (54 
ml, 0.25 M solution mtelxahydrofuran, commercially available from Rieke Metals) at -10 
«C under nitrogen atmosphere. After 1 hour, add a saturated aqueous solution of sodium 
10 bicarbonate and extract with diethyl ether. Combine the organic layers and extract with 
brine, dry over magnesium sulfate, filter, and coneentiate under reduced pressure to give 
a residue to be taken forward without further purification. LCMS (m/e) - 448.2 (M+l) @ 
4.8 minutes (12 minutes method). 




15 HCI 

To a solution of 78 (2.2 g, 5 mmol) in EtOH (30 ml) under nitrogen atmosphere add 

ammonium formate (3.1 g, 50 mmol) follcwedby palladium on charcoal (10 %. 2.2 g). 

Stir and heat at reflux the resulting suspension for an hour. Allow the reaction mixture to 

cool to room temperature and men filter it through Celite ® . Wash the CeJite ® with 

20 copious amounts of ethanol, combine the organic layers and concentrate under reduced 

pressure to obtain a residue. Purify and resolve the residue by Oriral HPLC to give 79: 

LCMS (m/e) = 358.1 (M+l) @ 4.6 minutes (12 minutes method) single major peak. 8H 
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(300 MHz, DMSO D* 2.41-2,52 (m, IH), 2.61-2.78 (m, IH), 2.85-3.44 (m, 8H), 3.50- 
3.65 (m, 1I«, 3.7 (s, 3H), 3.79 (s, 3H), 4.00-U2 (m ,1H), 6.79-7.01 (m, 4H). 7.07-7.25 
(m, 3H), 7.26-7.35 (m. IH). 

Ij^m pla 34? Proration ftf Ur2-MctfaQVY- h ^" zvlV:2 - f? - mprh0yy - phenylV1 " 

dlacetate (80) 




To a solution of ^benzyl-inorpholme^oaAamtrile (lOg, 49,5 mmol) in dry dielhyl ether 
(100 ml) at -10 °C under an atmosphere of nitrogen is added a solution of 2- 
memoxyben^ybuagoesium Chloride (0.25M solution in tetrahydrofuran, (218 ml, 543 
mmol) available ftom Mdrich Chemical Company or Rieke Metals) and the reaction 
mixture is further stirred at -10 °C for 3 0 minutes. Then the reaction is allowed to warm 
to room temperature and stirred overnight. The reaction is then cooled to 0 °C and 
quenched by addition of hydrochloric acid (SN aqueous solution, 50 ml) and the resulting 
mixture is stirred for 10 minutes at 0 °C. Next the solution isbarified with sodium 
hydroxide (2N aqueous solution), filtered through Celite ® then extracted with diethyl 
ether, the organics collected, dried (MgSCU) and the solvent removed under reduced 
pressure to give a residue which is taken up into methanol and purified by SCX-2 
chromatography prior to silica gel chromatography (0^40% ethyl acetate/hexane). The 
fractions containing the correct mass (FIA [M+HJ+-447) are collected and purified via 
preparative HPLC to grve 80 (72mg, 0.003%). LCMS (m/e)=> 447.2 [M+H]+@ 4.60 
minutes (12 minutes method). 

dihydrochloride (81) 
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2HCI 



To ametiianolic solution of 80 (70mg, 0,13 mrool) is added ammonium formate (lOOmg, 
1 .6 mmol) and 10% Pd-C (ISOmg). The reaction is stirred under nitrogen and heated at 
reflux for 30 minutes then cooled and filtered through Celite <§>. The filtrate is 
5 concentrated in vacuo and the residue is taken up in methanol and purified by SCX-2 ® 
ion exchange resin and the resulting residue redissolved in a 2M hydrochloric acid in 
diethyl ether solution and men concentrated in vacuo to give 81 (1.7mg, 0. 3W). LCMS 
(m/e)= 357.2 [M+HJ+ @ 2,07 minutes (12 minutes method). SH (300 MHz, CD3OD): 
2.65-3.02 (m, 6H), 3,05-346 (m, IH). 3,24-3.41.(m, 2H), 3.52-3.65 (m, 1H), 3.70 (s, 3H), 
10 3.80 (s> 3H), 3.91-4.05 (m, 1H), 6.84-7.08 (m, 4H), 7.12-7.32 (m, 4H). 

The pharmacological profile of the present compounds may be demonstrated as follows. 
All of the exemplified compounds above have been found to exhibit a 1Q value less than 
lpm at the norepinephrine transporter as determined using the scintillation proximity 
15 assay described belo*. Furthermore, ail of the exemplified compounds above have been 
found to inhibit the norepinephrine transporter to a greater extent than the serotonin and 
dopamine transporters using the scintillation proximity assays as described below. 

Generation of stable j fiflfcjj nas expres si n g the human dopamine. norep faepTiry and 
20 serotonin transporters 

Standard molecular cloning techniques are used to generate stable cell-lines expressing 
the human dopamine, norepinephrine and serotonin transporters. The polymerase chain 
reaction (PCR) is used in order to isolate and amplify each of die three Mi-length cDNAs 
25 from an appropriate cDNA library. Primers for FCR are designed using the following 
published sequence data: 
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Human dopamine transporter: GenBank M9S167. Reference: Vandenbergh DJ, Persico 
AM and Ubl GR. A human dopamine transporter cDNA predicts reduced gfycosylation, 
displays a navel repetitive element and provides racially-dimorphic TaqIRFLPs. 
Molecular Brain Research (1992) volume 15, pages 161-166. 

5 

Human norepinephrine transporter. GenBank M6S10S. Reference: PacholczykT, 
Blakely, RD and Amata SG. Expression cloning of a cocaine- and antidepressant- 
sensitive human noradrenaline transporter. Nature (1991) volume 350, pages 350-354. 

10 Human serotonin transporter: GenBank L05568. Reference: Ramamoorthy S, Bauman 
AL, Moore KR, Han H. Yang-Feng T, Chang AS, Ganapathy V and Blakely RD. 
Antidepressant- and cacaine-sensitivehuman serotonin transporter: Molecular cloning, 
expression, and chromosomal localization. Proceedings of the National Academy of 
Sciences of the USA (1993) volume 90, pages 2542-2546. 



15 



20 



The PCR products are cloned into a mammalian expression vector (eg pcDNA3.1 
(Invitrogen)) using standard ligation techniques. The constructs are then used to stably 
transfect HEK293 cells using a commercially available lipofection reagent 
(Upofectamine™ - Invitrogen) following the manufacture's protocol. 



gfijaBjnation gaamto assays *™ determining the affinity of test Uganda at the 
^^jy^ph^i^ transporter. 

The compounds of the present invention are norepinephrine reuptake inhibitors, and 
possess excellent activity in, for example, a scintillation proximity assay (e.g. J. Gobel, 
25 D.L. Saussy and A Goetz, I. Pharmacol. Toxicoio, (1999), 42, 237-244). Thus 5 H- 

nisoxetme binding to norepinephrine re-uptake sites in a cell fine transacted with DNA 
encoding human norepmepmine transporter binding protein is used to determine the 
affinity of ligands at the norepinephrine transporter. 



30 Membrane Preparation: 
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Cell pastes from large scale production of HEK-293 cells expressing cloned human 
norepinephrine transporters are homogenized in 4 volumes 50mM Tris-HCl containing 



300mM NsCl and 5mM KC1. pH 7 A The homogenate is centrifuged twice (40,000g, 
10mm, 4°C) with pellet re-suspension in 4 volumes of Tris-HCl buffer containing the 
5 above reagents after the first spin and 8 volumes after the second spin. The suspended 
homogenate is centrifiiged (lOOg, 1 Grain, 4°C) and the supernatant kept and re- 
centrifUged (40 9 000g, 20min, 4°C). The pellet is resuspended in Tris-HCl buffer 
containing the above reagents along with 1 0%w/v sucrose and O.lmM 
phenylmethylsulfoayl fluoride (PMSF), The membrane preparation is stored in aliquots 
10 (lnil) at -80 a C until required The protein concentration of the membrane preparation is 
determined using a bicinchoninic acid (BCA) protein assay reagent kit (available from 
Pierce). 

[*H]-Nisoxetine Binding Assay; 
1 5 Each well of a 96 well microtitre plate is set up to contain the following: 

50ixl 2nM [N-methyt- 3 H]-Nisoxetine hydrochloride (70-87Ci/mmol, ftom NEN Life 



75jil Assay buffer (50mM Tris-HCl pH 7.4 containing 300mM NaCI and 5mM KC1) 
25j4 Test compound, assay buffer (total binding) or lOyM Desipraxnine HC1 (non- 



SO^il Wbeatgecm agglutinin coated poly (vinyltoluene) (WGA PVT) SPA Beads 

(Amersham Biosciences RPNQ0001) (lOmg/ml) 
50fil Membrane (0.2mg protein per ml) 

The microti tre plates are incubated at room temperature for 10 hours prior to reading in a 
25 Trilux scintillation counter. The results are analysed using an automatic spline fitting 

programme (Multicalc, Packard, Milton Keynes, UK) to provide Ki values for each of the 
test compounds. 



Science Products) 



20 



specific binding) 



Serotonin Binding Assay 
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The ability of a test compound to compete with [^-citaloprmn for to binding sites on 
cloned human serotonin transporter containing membranes is nsed as a measure of test 
compound ability to block serotonin uptake via its specific transporter (Ramamoorthy, S., 
Giovanetti. E M Qum, Y. s Blakely. (1998) J. BioL Chem. 273, 2458). 

5 

Membrane Preparation: 

Membrane preparation is essentially similar to mat for the norepinephrine transporter 
containingmembranes as described above. The membrane preparation is stored m 
aliqnots(lml) at -TfPC until required. The protein concentration of the membrane 
10 preparation is determined using a BCA protein assay reagent kit 

[ 3 H]-Citalopram Binding Assay: 

Each well of a 96 well microtitre plate is set up to contain the following: 

50ul 2nM[^Citalopram(60-86CVnimoUAmersham Biosciences) 
15 75*1 Assay buffer (SOmM Tris-HCl pH 7.4 containing ISOmM NaCl and 5mM KCl) 

25ul Diluted compound, assay buffer (total binding) or lOOuM Huoxetine (non- 
specific binding) 

SOttl WGAPVT SPA Beads (40mg/ml) 

50ul Membrane preparation (0.4mg protein per ml) 
20 The microtitre plates ate incubated at room temperature for 10 hours prior to reading in a 

Trim* scintillation counter. The results are analysed using an automatic spline fitting 

progxamme (Multicalc, Packard, Milton Keynes, UK) to provide Ki (nM) values for each 

of the test compounds. 



25 TVipamine F inding Assay 

The ability of a test compound to compete with [>H]-WIN35,428 &r its binding sites on 
human cell membranes containing cloned human doparnine transporter has been used as a 
measure of the ability of such test compounds to block dopamine uptake via its specific 
transporter (Ramamoorthy et al 1998 swpra). 



30 
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Membrane Preparation: 

Is essentially the same as far membranes contairtwg cloned human serotonin transporter 
as described above. 

5 [ 3 H]-WIN35,428 Binding Assay: 

Each well of a 96well microtitre plate is set up to contain the following: 

50ul 4nM t 3 fT|-WIN35,428 (84-87Ci/mmol, from NEN Life Science Products) 

75ul Assay buffer (5QmM Tris-HCl pH 7.4 containing ISOmM NaCl and 5mM KC1) 

25ul Diluted compound, assay buffer {total binding) or lOOuM Nomifensine (non- 
10 specific binding) 

50ul WQA P VT SPA Beads (1 Grog/mi) 

50ul Membrane preparation (0.2mg protein per ml.) 

The microtitre plates are incubated at room temperature for 120 minutes prior to reading 
in a Trilux scintiUatiw counter. The results are analysed using an automatic spline fitting 
15 programme (Multicalc, Packard, Milton Keynes, UK) to provide Ki values for teat 
compounds. 

Acid Stability 

The acid stability of a compound according to the present invention may be determined as 
20 a solution in buffer at 6 different pH values (HC1 0.1N. pH 2, pH 4, pH 6, pH 7, and pH 
8) at 40°C over a time course of 72 hours. Samples may be taken at the beginning of the 
Study and after 3, 6 and 24 hours and analysed by capillary electrophoresis. The original 
sample used in the study may contain 0.8% of the undesired epimer as internal standard. 
If the tested compound is chemically and configurationally stable under acidic conditions 
25 the samples taken at the different time points during the study should not show any 
significant change in the percentage of the undesired epimer. 
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In Vitro Deter^™*™ »f the In te raction of compounds with CYP?r>o in Human Hepatic 
Microsomes 

Cytochrome P450 2D6 (CYP2D6) is a mammalian enzyme which is commonly 
associated with the metabolism of around 30% of pharmacentical compounds. Moreover, 
this enzyme exhibits genetic polymorphism, resulting in the presence of bom normal and 
poor metabolizers in the population. A low involvement of CYP2D6 in the metabolism of 
compounds (i.e. the compound being a poor substrate of CYP2D6) is desirable in order to 
reduce any variability from subject to subject in the pharmacokinetics of the compound. 
Also, compounds with a low inhibitor potential for CYP2D6 are desirable in order to 
avoid drug-drug interactions with co-administered drugs that are substrates of CYP2D6. 
Compounds may be tested both as substrates and as inhibitors of this enzyme by means of 
the following assays. 



15 Principle: 

This assay determines the extent of the CYP2D6 enzyme involvement in the total 
oxidative metabolism of a compound in microsomes. Preferred compounds of the present 
invention exhibit less than 75% total metabolism via the CYP2D6 pathway. 



For this in vitro assay, the extent of oxidative metabolism in human liver microsomes 
(HLM) is determined after a 30 minute incubation in the absence and presence of 
Quinidine, a specific chemical inhibitor of CYP2D6. The difference in the extent of 
metabolism in absence and presence of the inhibitor indicates the involvement of 
CYP2D6 in the metabolism of the compound. 



Materials and Methods: 

Human liver microsomes (mixture of 20 different donors, mixed gender) are acquired 
from Human Biologies (Scottsdale, AZ, USA). C^iinidme and jJ-NADPH 
(^Nicotinamide Adenine Dmucleotide Phosphate, reduced form, tetrasodium salt) are 
30 purchased from Sigma (St Louis, MO, USA). All the other reagents and solvents are of 
analytical grade. A stock solution of the new chemical entity (NCE) is prepared in a 
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mixture of Acetonitrile/Water to reach a final concentration of acetonitrile in the 
incubation below 0.5%. 



The microsomal incubation mixture (total volume 04 mL) contains the NCE (4 jiM), 
5 P-NADPH (1 mM), microsomal proteins (0.5 mg/mL), and Quinidine (0 or 2 fiM) in 100 
mM sodium phosphate buffer pH 7 A The mixture is incubated for 30 minutes at 37 °C in 
a shaking waterbath. The reaction is terminated by the addition of acetonitrile (75 \xL). 
The samples are vonexed and the denatured proteins are removed by centrifugation. 
The amount of NCE in the supernatant is analyzed by liquid chromatography /mass 
10 spectrometry (IXVMS) after addition of an internal standard. A sample is also taken at the 
start of the incubation <t=0), and analysed similarly, 

Analysis of the NCE is performed by liquid chromatography /mass spectrometry. Ten j*L 
of diluted samples (20 fold dilution in the mobile phase) are injected onto a Spherisorb 

15 CN Column, S nM and 2.1 mm x 100 mm (Waters corp. Milford, MA, USA), The mobile 
phase consisting of a mixture of Solvent A/Solvent B, 30/70 (v/v) is pumped (Alliance 
2795, Waters corp. Milford, MA, USA) through the column at a flow rate of 0,2 
ml/minute. Solvent A and Solvent B area mixture of ammonium formate 5.10" 3 M pH 
4.5/ methanol in the proportions 95/5 (v/v) and 10/90 (v/v)> for solvent A and solvent B 3 

20 respectively. The NCE and the internal standard are quantified by monitoring their 
molecular ion using a mass spectrometer ZMD or ZQ (Waters-Micromass corp, 
Machestea-, UK) operated in a positive electrospray ionisation. 

The extent of CYP2D6 involvement (% of CYP2D6 involvement) is calculated 
25 comparing the extent of metabolism in absence and in presence of quinidtne in the 
incubation. 



30 



The extent of metabolism without inhibitor (%) is calculated as follows; 

(NCEfespfrWirt $m&& wthO»tii^ifa'tOi)toci0-(NCE respcmsein samplas without inliibiPOT)iiinc3Q ;clQQ 
(NCE response in samples without inhibitor)iim£ 0 
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Tbe extent of metabolism with inhibitor <%) is calculated as follows: 

fNCE nsponscin samples widumtfahlbitM^Oj (NCE JMgansafr ^tov^Siih^ftor)iini»30 
— — '(NCE rraponiein samplesmthout nWbitor)tiroaO 

wh»w the NCE response is the area of the NCE divided by the area of ihe internal 
standard in the LC/MS analysis chrematogram, timeO and time30 correspond to the 0 and 
30 minutes incubation time. 

The % of CYP2D6 involvement is calculated as follows : 

{% extent of metabolism without inhibitor) - <% extent of metabolism with faihibhor) „ } m 
% extern of maaboKsm without inhibitor 



CYP2D6 inhibitor assay 
Principle: 

The CYP2D6 inhibitor assay evaluates Hie potential for a compound to inhibit CYP2D6. 
This is performed by the measurement of the inhibition of the .bufuralol 1 '-hydroxylase 
activity by the compound compared to a control. The 1 '-hydxoxylation of bufuralol is a 
metabolic reaction specific to CYP2D6, Preferred compounds of the present invention 
exhibit an ICso higher than 6 uM for CYP2D6 activity, the ICso being the concentration of 
the compound that gives SO % of inhibitlan of the CYP2D6 activity. 

Material and methods: 

Human liver microsomes (mixture of 20 different donors, mixed gender) are acquired 
ftom Human Biologies (Scottsdale, AZ), p-NADPH is purchased from Sigma (St Louis, 
MO). Bufuralol is purchased from Ultrafine (Manchester, UK). All the other reagents and 
solvents are of analytical grade. 

Microsomal incubation mixture (total volume 0.1 ml) contains bufuralol 10 uM, 
J5-NADPH (2 mM), microsomal proteins (0.5 m&mL), and the new chemical entity 
(NCB) (0, 5, and 25 uM) in 100 mM sodium phosphate buffer pH 7.4. The mixture is 
incubated in a shaking waterbath at 37 °C for 5 minutes. The reaction is terannated by the 
addition of methanol (75 uL). The samples are vortexed and me denaturated proteins are 
removed by eentrifligation. The supernatant is analyzed by liquid chromatography 
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connected to a fluorescence detector. The formation of the 1 '-hydroxybufuralol is 
monitored, in control samples (0 yM NCE) and in the samples incubated in presence of 
the NCE. The stock solution of NCE is prepared in a mixture of AcetonitrileAVater to 
reach a final Concentration of acetouitrile in the incubation below 1.0%. 

5 

The determination of 1 Tiydrojcybufiaralol in the samples is performed by liquid 
cJjromatogrshy with fluorwnetric detection as described below. Twenty five yL samples 
are injected onto a Chromolith Performance RP-18e column (100 mm x 4.6 mm) (Merck 
KGAa, Darmstadt, Germany). The mobile phase, consisting of a mixture of solvent A and 
1 0 solvent B whose proportion change according the following linear gradient, is pumped 
through the column at a flow rate of 1 ml/min: 



Time (minutes) 


SoivBntA(%) 


Solvent B(%) 


0 


65 


35 


2.0 


65 


35 


2*5 


0 


100 


5.5 


0 . 


100 | 


6.0 j 


65 ' 


35 



Solvent A and Solvent B consist of a mixture of 0.02 M potassium dihydrogenophosphate 
buffer pH3/ methanol in the proportion 90/10 (v/v) for solvent A and 10/90 (v/v) for 
15 solvent B. The run time is 7,5 minutes. Formation of 1 '-hydroxybufuralol is monitored by 
fhiorimetric detection with extinction at X 252 nm and emission at A. 302 nxn. 

The IC 5 o of the NCE for CYP2D6 i$ calculated by die measurement of the percent of 
inhibition of the formation of the 1 '-hydroxybufttralol in presence of die NCE compared 
20 to control samples (no NCE) at a known concentration of the NCE. 

The percent of inhibition of the formation of the 1 ^-hydroxybnfuralol is calculated as 
follows: 



• o 
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f 1 ihydnsgbuf^ inhibftpr) - qMiydrox>bufnr^l fcnned wifo inhibitor) xl0Q 

{lMiydrojybuftoralolarta fbnnod without inhibitor) 

The IC50 is calculated from the percent inhibition of the formation of the 1'- 
hydTOxybufonilol us follows (assuming amipetitive inhibition): 

NCE Concentration x(l00- Percent of inhibition) 
Percent of inhibition 

The IC50 estimation is assumed valid if inhibition is between 20% and 80% (Moody GC, 
Griffin S J, Mather AN, McGiimity DF, Riley RJ, 1999. Fully automated analysis of 
activities catalyzed by the m$jor human liver cytochrome P450 (CYP) enzymes: 
assessment of human CYP inhibition potential. Xenobiotica, 29(1): 53-75), 
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CLAIMS 



1 . A compound of formula 0) 




5 (I) 
wherein, 

X is OH, C1-C4 alkoxy, NH 2 or NH(C1-C4 alkyl); 
RxisHorCl-C4alkyl; 
RyisHorCI-C4alkyl; 
10 e&ch Rz group is independently H or C1-C4 alkyl, with the proviso that not more than 3 
Rz groups may be CI -C4 alkyl; 

Rl is C1-C6 alkyl (optionally substituted with l a 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkylthio (optionally substituted with 1, 2 or 3 fluorine 
atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 

15 cycloalkoxy, C1*C4 alkylsulfonyl, cyano, -COO(C1-C2 alkyl), -0-CO-(Cl-C2 alkyl) 
a&d hydroxy); C2-C6 alkenyi (optionally substituted with 1, 2 or 3 halogen atoms); C3- 
C6 cycloalkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituerat Sdected from C1-C4 alkoxy and hydroxy) wherein one C-C bond within the 
cydoalkyl moiety is optionally substituted by an OG, S-C or 0=C bond; C4-C7 

20 cycloalkylalkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 

substituent selected from C1-C4 alkoxy and hydroxy) wherein one OC bond within the 
oyoloalkyl moiety is optionally substituted by an OC, S-C or C=C bond; or CH2A12; and 
Arl and Ar2 are each independently a phenyl ring or a 5- or 6-membered heteroaryl ring 
each of which is optionally substituted with \>Z or 3 substituents (depending upon the 

25 number of available substitution positions) each independently selected from C1-C4 alkyl 
(optiooally substitute with 1 » 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogen atoms), CJ-C4 alkylthio (optionally substituted with 1 3 



» o 
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2 or 3 halogen atoms), -C0-0(C1-C4 alkyl), cyano, -NRR* -CONRR. halo and hydroxy 
ond/qr wi£ 1 s ubsutue nt s^etfed from pyridyJ, thipphenyl, phenyl, benzyl andphenoxy 
each of which is optionally ring-substituted with 1. 2 or 3 substituents each independently 
selected from halogen, C1-C4 alkyl (optionally substituted with l a 2 or 3 halogen atoms), 
5 CI -C4 alkoxy (optionally substituted with 1 , 2 or 3 halogen atoms), carboxy, nitro, 
hydroxy, cyaao, -NRR, -CONRR, SO2NRR and SO2R); and 
each R is independently H or C1-C4 alkyl; 
or a pharmaceutically acceptable salt thereof 

1 G 2. A compound of formula (II) 




(H) 

wherein, X, Rx, Ry, Rz, Rl and Arl are as defined for formula (I) in claim 1; ora 
phaimaceutically acceptable salt thereof* 

15 

3. A compound as claimed in my preceding claim wherein X is OH. 

4, A compound as claimed in any preceding claim wherein Rx is H. 
20 5. A compound as claimed in any preceding claim wherein Ry is It 

6« A compound as claimed in any preceding claim wherein each Rz is H. 

7. A compound as claimed in any one of claims 1 to 6 wherein Rl is CI -C6 alkyl 
25 optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected 

ftom C1-C4 alkylthio (optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy 
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(optLonally substituted with I, 2 or 3 fluorine atoms), C3-C6" cycloalkoxy, CI-C4 
aDcylSuIfiwyl, cyano, -CQ-Q(Cl-C2 alkyl), -Q-CO-(Cl-C2 alkyl) and hydroxy . 

8, A compound as claimed in any one of claims 1 to 6 wherein Rl is C2-C6 alkenyl 
S optionally substituted with 1, 2 or 3 halogen atoms. 

9. A compound as claimed in any one of claims 1 to 6 wherein Rl is C3-C6 
cycloalkyl optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent 
selected from C1-C4 alkoxy and hydroxy wherein one C-C bond within die cycloalkyl 

1 0 moiety is optionally substituted by an O-C, S~C or C=C bond. 

] 0. A compound as claimed in any one of claims 1 to 6 wherein Rl is C4-C7 
cycloaikylalkyi optionally Substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkoxy and hydroxy wherein one C-C bond within the 
1 5 cydloalkyl moiety is Optionally substituted by an O-C, S-C or OC bond. 

.11. A compound as claimed in any one of claims 1 to 6 wherein Rl is CH2A12 
wherein Ar2 is a phenyl ring or a 5- or 6-membered heteroaryl ring each of which is 
optionally substituted with 1, 2 or 3 substitueats (depending upon the number of available 

20 substitution positions) each independently selected from C1-C4 alkyl (optionally 

substituted with 1, 2 or 3 halogen atoms), CI-C4 alkoxy (optionally substituted with 1, 2 
or 3 halogen atoms), C1-C4 alkylfhio (optionally substituted with 1* 2 or 3 halogen 
atoms), -CO-0(Cl ~C4 aUfyl), cyano, -NRR, -CONRR, halo and hydroxy and/or with 1 
substituent selected from pyridyl, thiophenyL phenyl, benzyl and phenoxy each of which 

25 is optionally ring-substituted with 1,2 Or 3 substituents each independently selected from 
halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 halogen atoms), carboxy, nitro, hydroxy, cyano, - 
NRR, -CONRR, S0 2 NRR and SO2R. 



30 12. A compound as claimed in any preceding claim wherein Arl is a phenyl ring or a 
5- or 6-membeted heterosiyl ring; each of which is substituted in the oriho position with 
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a substituent selected from C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen 
atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 
alkylthio (optionally substituted with 1. 2 or 3 halogen atoms), -CO-0(C1-C4 alkyL), 
cyano. -NRR, -CONRR, halo, hydroxy, pyridyl, llriophenyl, phenyl, benzyl and phenoxy, 
5 each of which ortho substituents is optionally ring-substituted (where a ring is present) 
with 1 , 2 or 3 substituents each independently selected from halogen, C1-C4 alkyl 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogen atoms), carooxy. nitro, hydroxy, cyano, -NRR, - 
CONRR, S0 2 NRR and S0 2 R; and each of which is (in addition to ortho substitution) 
10 optionally further substituted with 1 or 2 substituents each independently selected from 
C1-C4 aDcyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
(optionally substituted with 1. 2 or 3 halogen atoms), CI-C4 alkylthio (optionally 
substituted with 1, 2 or 3 halogen atoms), -C0-0(C1-C4 alkyl), cyano, -NRR, -CONRR, 
halo and hydroxy. 



15 



13. A compound as claimed in any preceding claim wherein Arl is a group of the 
formula (a): 



R3 

R2s^ ^R4 




R5 (a) 



wherein, 

20 A is N or CR<5 (preferably CR6); R2 is C1-C4 alkyl (optionally substituted wfth 1, 2 or 3 
halogen atoms). C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), Cl- 
C4 alkylthio (optionally Substituted with 1. 2 or 3 halogen atoms), halo, hydroxy, pyridyl, 
thiophenyl, phenyl (optionally substituted with 1, 2 or 3 substituents each independently 
selected from halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), 
25 or C1-C4 alkoxy (optionally substituted With 1, 2 or 3 halogen atoms)) or phenoxy 
(optionally substituted with 1, 2 or 3 halogen atoms); R3isH;R4isH;R5isH, CI-C4 
alkyl (optionally substituted with 1. 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
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substitnted with 1,2 or 3 halogen atoms), C1-C4 alkylthio (optionally substituted with 1, 
2 or 3 halogen atoms), halo or hydroxy; and R6 (If present) is H. 

14. A compound of formula (HI) 



5 




(III) 

wherein, X, Rl and Arl are as defined for formula (I) in claiml; or a phaimacenticaHy 
acceptable salt thereof. 

10 15. A compound according to claim 1 4 wherein 
XisOHorNH 2 ; 

Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substitueat selected from C1-C4 alkylthio (optionally substituted with 1, 2 or 3 fluorine 
atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 

15 cycloalkoxy, C1-C4 alkylsulfonyl, cyano, -000(01-02 alkyl), -0-CO-(Cl-C2 alkyl) 
and hydroxy); C3-C6 cycloalkyl (optionally substituted with 1, 2 or 3 halogen atoms 
and/or with 1 substituent selected from C1-C4 alkoxy and hydroxy) wherein one C-C 
bond within the cycloalkyl moiety is optionally substituted by an O-G, S-C or C-C bond; 
or CHoAr2 wherein Ar2 is s phenyl riug or a pyridyl (preferably 2-pyridyl) ring each of 

20 which may be substituted with 1 , 2 or 3 substituents each independently selected from 
C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally 
substituted with 1, 2 or 3 halogen atoms), halo and hydroxy; and 

Arl is a phenyl ring or a 5- or 6-membered heteroaiyl ring; each of which is substituted in 
25 the ortho position with a substituent selected from C1-C4 alkyl (optionally substituted 
with 1, 2 or 3 halogen atoms), CI-C4 alkoxy (optionally substituted with 1, 2 or 3 
halogen atoms), C1-C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), - 
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C0-0(C1-C4 alkyl), cyano, -NRR, -CONRR, halo, hydroxy, pyridyl, thiopheuyl, phenyl, 
benzyl andphenoxy. each of which ortho substituents la optionally rmg-simsututed 
(where a ring is present) with 1,2 or 3 substituents each independently selected from 
halogen* C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
5 (optionally substituted with 1, 2 or 3 halogen atoms), carboxy, nitro, Hydroxy, cyano, - 
NRR, -CONRR, SO2NRR and SO2R; and each of which is (in addition to ortho 
substitution) optionally further substituted with 1 or 2 substituents each independently 
selected from C1-C4 alkyl (optionally substituted with 1. 2 or 3 halogen atoms). C1-C4 
alkoxy (optionally substituted wifli 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionaUy 
10 substituted wilt 1, 2 or 3 halogeu atoms), -C0-0(C1-C4 alkyl), cyano, -NRR. -CONRR, 
halo and hydroxy, or a pharmaceutically acceptable salt thereof 

1 6. A compound of formula (IV) 



15 




(IV) 



wherein, 
XisOHorNHa; 

Rl 1b C1-C6 alkyl (optionaUy substituted with 1,2 or 3 halogen atoms and/or with 1 
substiment selected from C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine 
20 atoms), cyano, and hydroxy); C3-C6 cydoalkyl (optionaUy substituted with 1, 2 or 3 
halogen atoms and/or with 1 substituent selected from C1-C4 alkoxy and hydroxy) 
wherein one C-C bond within the cycloalkyl moiety is optionally substituted by an O-C 
bond; or CH2A12 wherein Ar2 is a phenyl ring optionaUy substituted with 1, 2 or 3 
substituents each independently selected from C1-C4 alkyl (optionally substituted with I, 
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2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen 
atoms), C1-C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo and 
hydroxy; 

A is Nor CR6 (preferably CR6); R2 is C1-C4 alky] (optionally substituted with 1 , 2 or 3 
5 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), CI - 
C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo, hydroxy, pyridyl, 
thiophenyl, phenyl (optionally substituted with 1, 2 or 3 substituents each independently 
selected from halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), 
or C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms)) orphenoxy 
1 0 (optionally substituted with 1 , 2 or 3 halogen atoms); R3 is H; R4 is H; RS is H, CI -C4 
alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally substituted with 1, 
2 or 3 halogen atoms), halo or hydroxy; and R6 (if present) is H; or a pharmaceutical^ 
acceptable salt thereof. 

15 

17. A compound of formula (V) 




H 

(V) 

wherein, 
20 XisOHofl^H^ 

Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 cycloalkyl 
wherein one C-C bond within the cycloalkyl moiety is optionally substituted by an O-C 
bond or CH2Ar2 wherein Aj2 is a phenyl ring optionally substituted with 1 or 2 

substituenls each independently selected from C1-C4 alkyl (optionally substituted with 1, 
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2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen 
atoms), halo andhydrpxy; 

R2 is C1-C4 alkyl (optionally substituted with 1, 2 or 3 fluorine atoms), CI-C4 alkoxy 
(optionally substituted with 1, 2 or 3 fluorine atoms) or phenyl (optionally substituted 
with 1, 2 or 3 fluorine atoms); and R5 is H or F; or a pharmaceutical^ acceptable salt 
thereof. 

18. A compound of formula (VI) 




10 (vi) 

wherein, 

Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 fluorine atoms) or C3-C6 
cycloalkyl wherein one C-C bond within the cycloalkyl moiety is optionally substituted 
by an O-C bond; 

15 R2 is C1-C4 alkyl (optionally substituted with 1,2 or 3 fluorine atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 fluorine atoms) or phenyl (optionally substituted 
with 1 , 2 or 3 fluorine atoms); and RS k H or F; or a pharmaceutical^ acceptable salt 
thereof. 



1 9. A pharmaceutical composition comprising a compound as claimed in any one of 
claims 1 to 18 or a phannaceutically acceptable salt thereof together with a 
phaimaceuticaUy acceptable diluent, excipient or carrier 

20. A compound as claimed in any one of claims 1 to 1 8 for use in therapy. 
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21. A compound as claimed in any one of claims 1 to 1 8 or a pharmaceutically 
acceptable salt thereof for use as an inhibitor ofthe reuptake of norepinephrine, 

22. A compound as claimed in any one of claims 1 to 1 8 or a pharmaceutically 

5 acceptable salt thereof for treating disorders associated with norepinephrine dysfunction 
in mammals. 

23. The use of a compound as claimed in any one of claims 1 to 18 or a 
pharmaceutical^ acceptable salt thereof for the manufacture of a medicament for the 

10 treatment of disorders associated with norepinephrine dysfunction in maTwnals. 

24. A method for inhibiting the reuptake of norepinephrine in mamm als comprising 
administering to a patient in need thereof an effective amount of a compound as claimed 
in any one of claims 1 to 1 8 or a pharmaceutical!/ acceptable salt thereof. 
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25. A method for treating disorders associated with norernnephrine dysfunction in 
mammals comprising admirdstering to a patient in need thereof an effective amount of a 
compound as claimed in any one of claims 1 to 18 or a pharmaceutically acceptable salt 
thereof. 

26. A process for the preparation of a compound of formula (I) comprising the step of 
deprotecting a compound of the formula (XIV) 



Rz — K. 
/ N 
Rz I Rz 
P 



R1 



(xrv) 

25 -wherein ? represents an N-protecting group aad all other variables are as defined for 
formula (I) in claim 1, to provide a compound of formula (I), optionally followed by the 
step of forming a pharmaceutically acceptable salt. 
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ABSTRACT 



Compounds of the general formula CO 



Rz fj Rz 
(D 

are inhibitors of the reuptake of norepinephrine. As such, they may he useful for the 
treatment of disorders of the central and/or peripheral nervous system. 
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